L BT BN BK B BN B B

. R DOCUNENT RESUME B > -

BD 147 -185 ' SE 023 365
AUTHOR - Helgeson),. Stanley L., Ed.; Blcs=e:, Patricia E.,
' / Ed. N— ) .
TITLE ) Investigations in Science Educaticn, vOl. 2, Bo. 3.
. . Expanded Abstracts and: Cr1t1cal Analyses of Recent
s i .. Research.
INSTITUTION Ohio State Univ.,-Columbus. Center for Science awi
' e Mathematics Education. . ’ v
-PUB- DATE . . 76 ' ’
NOTE ’ 67p.

AVAILABLE Pﬂ05 Information Reférence Center (ERIC/IRC), The Oh;o
State Oniversity, 1200 Chambers Rd., 3rd Floor,
" . Coluabus,, Ohio 43212 (subscrzp;lon $6.00, $1.75

. e’) ‘ , . [
EDRS PRICE _HP-$0.83 nc-sj.so Plus Postage.’ : :
DESCRIPTIORS Abstcacts; *Concept Foraation; *Educational Research:;

Fundamental Concepts; *Learning Theories; Research;
*Research Methcdology; Science Bducatlon. Teacher
. - Attitudes; *Teachar.Behavior
IDENTIFIERS Research Reports ' .

’ .
r ]
ABSIRACI ' ‘ - :
This 1ssue of Investlgations in 5c1ence Education

(ISE) pnovxdes analytical abstracts, prepared by science educators,

"of research reports in the areas of iearn1ng theories, concept

learning, and teacker behaviors and attitudes. Each abstract includes

bibliographical data, research design and Frocedure,- purpose,

research rationale, and an ab=tractor's analysis cf the research.

' Abstracts are clustered by topics investigated. (SL)

t

~ -

t#ttttttttttttttt#ttttttttttttttttt##tttttttttttttttttttttttt‘tttttt##
Docuaments acqui:ed by ERIC include many /infcrsal unpublished

-satgrials not available froa other sources./ ERIC makes every effort
to obtain the best copy available. Neverth less, iteas of marginal
reproducibility are .often encountered and this affects the quality
of the microfiche and hardcopy reproduc;éons ERIC makes available
via the ERIC Document Reproduction Service (EDRS). EDRS ' is not
.-responsible for the quality of the oriqipal document. Reproductiqans

supplied by EDBS are the best that gap be made from the original. -
tttttt(ttttttttttt#ttttt‘w “ttttttt S0 S50 RS S R K S S X SRR E S SRS E S
. . . 14

-

*

*
:
*
*
*
*
*
*




L« oW .
:: &
i } : \ \' * US DEPARTMENT OF HEALTH -
B ’ ‘ ’ _ EDUCATION & WELFARE
N . C ‘ ' NATIONAL INSTITUTEOF
' v EDUCATION
* /} -
d B Y ‘THIS DOCUMENT HAS BEEN REPRC-
i NVE . ‘ DUCED EXACTLY AS RECEIVED FROM «
' ) i THE PERSON OR ORGANIZATION QRIGIN
. ’ T I STIGMIONS IN SCIENCE EDUCATION ATING IT POINTS OF VIEW OR OPINIONS
‘ Q STATED DO NOT NECESSARILY REPRE-
' ' ’ SENT OFFICIAL NAYIONALINSY!YUYE QF
: EDUCATION POSITION OR POLICY
o - A
| $ ‘ -
\ .
. * ‘ . i
s > . . ., R
- Editor . ,
1 —’ .
. . .
; \ Stanley L. Helgeson \

The Ohio State University .
/ ‘ .

. Associate Editor ‘ - L

) Pétricig E. Blosser - ) .- :
The Ohio State University

"\. .- !
. “ . Al L4
~ . ’

Advisory Board -

[}

Mary Budd Rowe ‘ i Vipcent N. Lunetta .
University of Florida L, ' .University of Iowa,

Robert G. Bridgham - . Robert Coltagen |
" Michigan State University - : Towson State College

¢ Kenneth G. Jacknickes . David -P. Butts .
' University of Alberta . University of Georgia

National Associationkfor‘ResearEh in Sciencé‘Teaching
ERIC. Center for Sclence, Mathematics, '
' . - and Environmental Education . . -

v 4
. %

4

e . T
Published Quarterly by \

_E The Center for Sclence and yathématics Education
; College of Education \
The Ohio State University \ .
1945 North High Street \ .
Columbus, Ohio .43210 A\ |

.
.
o . -
“
. - . \
~ .
- .
- [N .

' ¥ A
ég ~ Subscription Price: $6.00 per year. “single Copy Price: $1.75
o Add 25¢ for Canadjan mailings and 50f for forelgn mtilings.

: .
- . - . Y
B o ¢ i . < a8 AL | .




INVéSTIGATIONS IN SCIENCE EDUCTATION

Y - ‘ - - Volume 2, Number 3, 1976”7
. » ot
\ .- . ‘
NOTES) from the Editor . . . . . T £ 5 4

LEARNIRG TﬁEORIES b e e e s e e e e s e e e e e e e e e e e 1

Kogan, John J., J¢. and Mary Lou Koran., "Difierentfal
N Response to Structure of Advance Organizers.in Science
Instruction." Journal of Research in Science Teaching,
0(4):347-353, 1973. ) )
_ Abstracted by GLEN S. AIKENHEAD . . . . . . . . . . 3

Nous, Albert and Ronald Raven. "The Effects of a Structured
Learning Sequence.on Children“s Correlativé Thinking
About Biological Phenomena.' Journal of Research in
Science Teaching, 10(3):251-255, 1973.

T@bstracted by WILLIAM R. BROWN . , « « « + . .f. . . ' 11

Raven, Ronéid and Hexbert Strubing. "Intrafactor Transfer
' ip Second Grade Children." Science Education, 55(1):
31-38, n971 ) o
Abﬁtracted by JERRY G. HORN . . « . ¢ ¢ ¢ ¢ o ¢ o & ‘.15

Raven, R. J. &nd H. Polanski. "Relationships Among Piaget's
Logical Qperations, Science Content Comprehension,
Critical inking, and Creativity Science Education, P
58(4): 531§244 1974. : N /
Abstracf‘ﬁ by ANTON E. LAWSON e e e e e e e e e 194,
A
Nordland, Floyd\ H., “Anton E. Lawson, and Jane B. Kahle.
"A Study oﬁ?Levels of Concrete and Formal Reasoning

Ability in Disadvantaged Junior and Senior High School
Students. Science Education, 58(4):569-576, 1974
Abstradied by GENE CRAVEN e e e e e e e

25

.

a
-
CONCEPT LEARNING

JEIntyre, Patrick & "Students Use of Models in Their
Explanations df Electrogtatic Phenomena.'" Science
Education, 58(4):577-3805=1974. Y

Abstracted by -LOWELL J. BETHEL . . . .

Robertson, W. W. and E. Richardson. "The Development of "Some
Physical Science\Concepts in Secondary School St dents.

1975. .
Abstracted b MILTON'O. PELLA %

Kass, Heidi. ' "Structure in Perceived Relations Among Phys cal
Concepts.“ Journall of Research in Science Teaching, 8(4):
339535Q, 1971

" AbStracted by RUSSELL A. YEANY . . . . . .

¥

43

$

‘1

- o . A s N
- . ) ' . . .
A 3 . A

S I & T

S



.

TEACHER BEHAVIORS AND ATTITUDES + v v v ¢ v ¢ & 4 o o o o o o o « »
Butzow, John W. and Alan Davis. '"The Development of a Semantic
A Differential Test of Teachers' Attitudes Toward Teaching
‘ Elementary School Science.”" Science Education, 9(2):211-
220, 1975. |
Abstiﬁcted by RONALD D. SIMPSON * .

o e

Pempek, Louise C. and David J. Blick. "An Evaluation of
Elementary Teachers' Behavior and Attitudes in the Use
of Inquiry-Oriented Science Programs." School Science
and Mathematics, 73(5):414-419, 1973. - o

* Abstracted by DONALD E. RIECHARD ... .

Orgren, James. "’Usina an [nteractiom Analyéis Instrument to
Measure the Effect on Teacher Behavior of Adopting a
' New Science Curriculum." Science Education, 58:431-436,
1974, :

Abstracted by VICTOR J. MAYER . . . . .. .'. .. .
N L )

Campbell, James Reed. "Cognitive and Affective Process
Development and Its Relation to g Teacher's Interaction
Ratio." Journal of Research in ‘Science Teaching, 8(4):
317-324, 1971. ° . )

Abstracted by THOMAS P. EVANS . . . . .

45

47

56

60



from the Editor

. . )
Thig volume congainst research reports grouped into three clusters.

The first, LEARNING THEORIES, contains five analyses of research reports .
related to learning. The second group, CONEEPT LEARNING, includes threg

studies. Finally, theye are four studies related to TEACHER BEHAVIORS

]
- i

AND AZTITUDES. -These tlusters are an attempt to review research with

some common basis representing current trends in science efucation,
N - ’ 7 ° 4

- r

research. : oL .

[}

Your publishable .responses are invited. -
¢ ’ ' Stamrley L. Helgeson
» Editor

- * Patricia E. Blosser
' Assoclate Editor
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-Koran, John*J., Jr.,.and Mary Lou Koran. '"Differential'Response to
Structyre of Advance Organize®s in Science Instruction." Journal
of Research in Science Teaching, 10(4):347-353, 1973.
Descriptors--Academic Aptitude, *Cognitive Processes, *Conceptual
Schemes, Educational Research, *Elementary School Science,
*Learning Theories, *Programed Materials, Science Education,
*Student Reaction

-

. Expanded Abstract and Analysis Prepared Especially for I.S.E. by Glen .
Aikenhead, University of Sagkatchewan. :
, .

A}
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+ - o . * ‘
urpose

‘ The purpose of Koran agd Koran's study was to investigate ipdividual .
differences in learning when the instructional materials have been pre-
ceded hythree kinds of introductory passages: (1) higher level
getteralizations with specific examples (an advarice organizer), (2)
higher level geperalizationg without examples (an advance organizer),

¢
and (3) a control passage.

.
‘

It was anticipated that the greater the degree of
structure provided by the advance .organizer, the more likely
it would be to reduce the burden of semantic procéssing, and
thus bepnefit those learners with less ability to develop an
adequate conceptual scheme of their own for organizing new

‘material. Consequently, in providing dtffering amounts' of
Structure, performance ... was expected. to be differeatially
related to IQ _scores. (p. 349) . g

Rationale
Ausubel's learning theory predicts that "meaningful learning"
.{higher-order learning characterized by Bloom's hierarchital scheme) is’
.enlranced by providing students ahead of time with an "advance organizer"

(a sequenced piece of instructigpal material that is more general and
more abstract than the ideas it precedes). The function of an advance
organizer is . to activate relevant concepts (called "subsuming concepts'')
‘which students have already learned and which form part of their.own
cognitive -strycture. Subsuming concepts are considered reievant if ‘they
can be useful in leatning the ensuing information. JThus, an  advance
organizer shpuld facilitateé 1earn;ng. . )
. N

' It follows then that advance organizéers will, -first of all, differ
depending upon the content théy p¥ecede (for example, familiar versus.
wfamiliar content): They will also differ.depending upon the' character-
‘istics of the students interacting with the advanceé ‘organizers.

The study by Koran and Koran is related to many investigations;
those concerned with the effect of advance organizers, and those concerned

. with the interaction between différent student characteristics and varying.

modes of instruction. The authors dxgw'upon numerous empirical findings
that suggest different gﬁudenta learn more, and with greater ease, with

_ y




different kin&s of instructional méhhquz Whilé Kotan an Kﬁ;hn.accept -
the assumptions inherent in Ausubel's theory, theré appears to be an -
important incongruity between the authors' and Aug,bel's ideas concerning,

the function of an advance organizer. A discussion of this apparént
~difference of opinion appears at the end of the section "Abstractor's

'gﬁalysis." ’ S}

F

Research Design and Procedure

Design: Students were randomly assigned to three treatment groups.
The samejachievement test was written on three occasions; pretest,
immediate’ posttest, and delayed posttest (one week delay):

T -0 _-T
o 1 it 0. 0
R l . TB—03-TB 5 6 v
' T -0 -T
C’ 4‘ C . ¢
) Treatment: The $ame programming«booklets concerning insécts (30
specific concepts dealing with insects) were studied by all three groups.
However, the introductory passages differed for each group as follows:
. N\ hd . .
Group A: .a passage (advance drganizer) describing the study
of insects in'terms of higher level generalizations
along with specific examples using animals familiar .
to students.
Group B: a passage (!ﬁbance organizer) describing the study
‘ of insects in terms of higher level, generalizationms
’ without specific examples. -
Group C: ol passage containing historical information
neither generalizations nor examples.’
All students were given sufficient time to finish theif.work. The
duration of tle study was not rzported. ’
VariablesN Students' khowledge of the material on insects was ,
assessed by: *'(l) a 30-item multiple-choice test (0], 05, Og) which had
an internal consistency reliability of .78. Each item presented a name
of a concept for which a correct example had to be ¢hosen from three
alternatives, and,(2) the number of errors made during the study of the
programmed material (0,, 03, 04), called "program errors."
In this_study, individual differences were defined in terms of,
student abilities, measured by IQ scores (Otis-Lennon Mental Abilities
Test). ) : ) s .
[; ! ' d

Sample: The sample consisted of 89 fourth-grade students enrolled
-in an upper middle class Houston, Texas, scheol district which was - ‘
familiar to the investigators.

.
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Interpretations

_ delayed). This concurs with previous research, which i

Analysis: - e . . o N PR
(1) "A 3 (treatments) x 3 (trials) repeated measures analysis
* of variance was uséd to test instructional treatment main
effects for criterion test scores ... " The assumption of .
homogeneity of regressibn underlying the use of the
repeated measures model was tested and accepted.' -

. «p. 349) The trials wqre the pretest, immediate post-
!
‘test and the delayed posttest.

N

(2) A one-way ANOVA used program errors made during the
prograhmed instructiofn to detect differences -among the
three treatment groups, "

.(3) A simple linear regression'?elated IQ scores ‘and L
criterion variables «{program errors, immediate posttest,
and delayed,posttest). "Aptitude x Treatment inter-
actions were evaluated by comparing regression slopes
obtained for each aptitude criterion pair in different

treatments using F tests for heterogeneity of regression.”
(p» 351)

t

" Findings: v ’
. . Y »
(1) 3 x 3 ANOVA: "A significant treatment effect was found
across trials, from pretest to posttests. However, be-

tween-group differences did not attain significance."
(p. 349)

(2) One-way ANOVA: No significant differences among the
treatment gfoups were found. "Thus, from the average _
data alone, the three treatments were about equally \
effective ih terms of promoting retention and errors..
during’ instruction." (p. 350)

Y

»'

;- .
“(3) Simple linear regression (aptitude x treatment inter-

. actions): IQ scores falled to interact with instructional
) treatment for either immediate or delayed posttest .scores,
but did produce a significant disordinal jnteraetion with
.the {nstructional treatments for program errors. IQ
scorés were negatively rédlated to program errors for
groups B and C (those receiving generalizations alone

Por a control passage) while positively related to

.program errors for group A (those receiving generali—
zations and examples).

\

LN

)

The three instructional treatments were about equally effective
when assessed By program errors and posttest scores (imjrdiate and

cited in the
article. Koran and Ko¥an thought that the null results might be

¢xplained by experimental conditions such as the unexpected familiarity

of the content on insects and the generally high ability level of the

A
.
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sample. Also a rghearsal effect of the pretest on.posttest ‘scores could :
have conceivably reduced possible diiggrences in posttest scores. However,

The significant aptitude X treatment interaction between Cae
IQ scores and program errors tends to support the hypothesis
that during ingtructioh. low ability subjects were more reliant
on the organizing features of the program, whereas higher, .
-ability subjects were more effectively able to organize C -
material in the absence of highly structured advance organi-
zers. This finding appears to support a growing number of

, indications that'‘in some cases highly structured treatment

may actually be dysfunctional for hlgh-ability subjects. !
(p. 352) '

"7 Such an interaction fect was not observed for-the two posttest

scores. The investigators suggested that the nature of the programmed
materials themselves and the generally high ability level of the sample I
might possibly explain the null results. ' (High IQ scoring students ‘may

impose their own structure on the materials regardless of any type of

advance organizer ) :

-

-

Koran. and"’ Koran in recognizing their very limited positive findings,
mention that the learner s concept organizing operations may Jrequire 4
"sharper definition" than is.presently found in Ausubel's theory, before
further research can be productive. 'The authors also recognize the need
for greater clarity in apt#tude measures, instructional pracedures, and
criterion meaiures. . . )

s 5 P R , . ‘ : ‘e
) ", ABSTRAGTOR'S ANALYSIS . !
Criticism of science education research studies usually- focuses on
three main issues [Hurd.(2), Kempa (4), and Shulman and Tamir (7)]:

1]
i

@) lack of a. theoretical framework or the lack of an extensive
research base, ‘ S

(2) methodological flaws in the design and implementation of the
investigation, and

\)\
Y
(3) lack of attention to'problems in learning.scitegtific know-

ledge in general, and specifically, lack of attention to
individual charactewistics of the student. .

- "

~~~ ~ .

None of these points can apply to the study by Koran and Kor&m. In fact,
their investigation exemplifies the type of research which critics
usually describe as a paradigm to follow.

ko

4

‘Koran and Koran's study logically progresses from past research
studies. In particular, it relates two areas of great interest and
concern: (1) the inte@xaction of different modes of instructien with
different characteristics of students, often labelled "aptitude-treatment
interaction," and (2) Ausubel's construct "agdvance organizer' which has '
been one of the most researched aspects of his theory of learning. This’
study by Koran and Koran clearly demonstrates how researchh can take place

in a context of established theory and empirical‘findings.-
A !

) - : ’—"
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s ' 1
The reader who 1is new tq science education research reports will ~
benefit from notic1no a number of other excellent qualitiezpexemplified
in Koran and Koran' s «report. The article is clear, concise, and precise.
The authors remind the reader of the essential aspects of Ausubel's
theory which Yre germane to their study. Referenges are included for
' those readers who would-like to acquaint themselwes with Ausubel's theory
or with aptitude-treatment interaction. Jargem is used only for precision
and not for academic impact. (Some researchers tend to overuse erudite
phrases éteeped in jargon. However, others attdin a clarity of expres-
sion with everyday Anglo-Saxon words and exp{essions.)y
* I'would like to draw the reader's attention to the research deslgn
employed in this study. Its randomlzation of students to treatmept
.groups provides a powerful technique for making valid inferences. The
repeated méasures analysis of variance is very appropriate and its ~
assumption of homogeneity of regxession is discussed. (A writer is well
advised to report the major assumptions underlylng the statistics he
uses -and to express the confotmity of his data or design to these ‘t
,assumptions ) .

The comparlson of regression slopes using F tests for heterogeneity
of regression 1is ‘a SOphiatlcated technique for detecting interactions.
It has advantages over the more familiar two-way ANOVA. One of these
advantages is using continuous data rather ‘than arbitrarily-defined
discrete grouplugs of data necessary in most two-way ANOVAs. However,
haa Koran and Koran included a graph of these regre$s1ons, I think it
would -have.clarified their results reported in tabular form,

)

The investigators yse ajreatment which is very easy for anyone to
replicate because it is clearly defimed and is in a written form. In
scontrast, some research reports are terr1bly vague about the treatment
(for ‘example, '"CHEM Study" arid "Traditional™). Jn addition, Koran an
Koran minimize spurious treatment effects, such as :9e effeck of différ-~
ent classroom teachefs. i, .

The authors are careful not to overgeneralize their findings. T,
Their results are treated in-‘thie proper context: That the advance
organtzers preceded carefully sequenced programmed materials. It is
left to further research to reselve what would happen when advance /
organizers are used with other types of science materials or presen- ’

2

tationss . }

Because of the-care with which'the authors designed the Ztudy,
carried it out, and analyzed. the results, one can feel confident in the
validiy of their results. !
] .

. Let me now turn my attention to some-ﬂisues which are more reldted
to the current state of research in the area of instruction. In par-
ticular, I shall éxamine three tofics with respect to directions for
further research: student characteristics), meaningful learning, and
advance organizers. N * o

' -

h J

Student Characreristics: It is certainly an understatnent to say
that the process of instruction and learning is a complex one. The
interactive factdrs that affect student achievement include: Clagsroom .

. . ’




environment, teacher characteristics ‘home gnvironment (fod example, .-
parental interest and expectations),\and ‘studeht characteristics. ‘Stu-
l dent characteristics themselves,encompass a,plethora of categories~*
| for .example, interests, abilities,. titudeg,,neeﬁs, ap;;tudes, motiva- .
e ; ' tion. This list of interactive forces i% ﬁar $rdom completé.. Howgver,,
in its shortened form it $till points out that the measurement of of%
| -or two student characteristics (sex, IQ scores, divefgent and convérgeht
I ‘ . thinking, analytic and global* or intuitive problem solv1ng, Sigel's t
' . eognitive styles background knowledge of the specific togip, and read-
‘ ing skills to name but a few) does net hold much promise‘ln Ftcounting
" for a significant amount of the variance ‘in student achie&ement. This
, View is supported by the high instances pf null f1ndings.reported in
the literature, the resent study included. . [See for example, Herron .
¢ et al., (). ] "Not only does the definition and measurément of sfudent
' echaracteristics require a great deal moge stuydy, . but so does its rela-
tive influence compared with.other interactive facfors. For instance,

-1f it were established that parental expectation accounts for more ,
variance in student ,acliievement "than does studgyt *ai:ning stykes, -then
the, imflications for the improvement of instruction would be much -

- different than/if student styles were found to be Wore inﬁluential. - T

* Meaningful Learning: Ausubei*distinguisﬁes between rote learning - -
+  and meaningful learning~by alluding to Bloom's taxonomy. Meaningful

learning is considered to be higher-order learning in Blooms hierarchi- -
cal- scheme (for example, solving novel but relewvant problems). Ausubel -
assumes that advance. organizers will-only facilitate higher-drder .
learning. , Therefore, achievement tests, which are meant to d1st1nguish -
between control groups and groups having advance organizers,.must assess.
higher-order learning. A study such as Koran and Korgn's should ensure

- that the  achievement tests meew this expectation gnd that lower-order
learning, such as recognition, 1s"not a major qomZonent ofa a test.

Perhaps Koran and Koran did -so, but it“ls not repor d. Kahle and
' Rastovac (3) have published a procedure which helpe{l them ensure that » "
a full range of questions were used-on achievement ests. (They, too, <

investigated the effect of advance organizers.)® Null findings ave
almost inevitablé if criterion measures are not well represented by :

- ‘

questions assessing higher- order learning. . PR

.
i

‘ s . -

R ) Advance Organizers The concept of advance organizers is perhaps "

"’ one of the most confused aspects of Ausubel's theory. Novak (5) has
attempted to clatify this confusion. In order to empﬁasize the role
played by the individual s‘brevious knowledge (his cognitive structure

~ with its network of subsuming concepts), Novak renamed advance orgapizers. . .
He called them "cognitive bridges:" A cognitiverbridge iinks certain . :
subsuming concepts to the material to be learned. "Cognitqye\bridges
are shdxt segments of learning material that provide guidance to the
student as, to which concepts in hig cognitive structureﬂmight best be
employed to learn meaniﬁgfully (Novak 5:500) |

o However by using Novak's clarification, I see some major prob lems

> _for researchers. If Kqran and Koran were to fo%low Novak's definition,

. they would have had o discover the relevant subsuming concepts
possessed by theig sample of students.. QOtherwise, one could not - ,
expect the advanc organizer to have'a sign#ficant ef fect on posttest
scores. Given today'sg technology, it seems to be unreasonably difficult ~

. M ‘to link advance organizers with individual students' subsum1ng concepts.

)
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Lo Koran and Koran s notion of -advance organizers appears to be-quite
. different from Novak's. To Koran and.Koran, “the furction of the advance -
. organizer is to ‘provide structute of 'ideational scaffolding' (a quota-
» . tlon from-Ausubel) for, the incorporation' and.retehtion of material el
‘7 and to increase 1its discriminabjlity." (p. 348) Therefore, Koran and
. Koran believe that advance grganizers can differ with réspect to, their )
+« degreé of structure. They argue that the mare gtructure 1nherent in . !

N an advance arganizer, the less ‘the student need take respon51b111ty for .
-organizing th® material in his own way. This notion oF advance organ-L
izers related more to ' the act of informatlon pro¢assing than to Novak's

T link betwéen specific subsuming concepts already in the student's cog-
nitive structure and concepts to be leatned.* To Koran and Koran,  th

<8 learner constructs his ‘own- relevant subsﬁmino concepts, guided by the .

‘ -structure offered .by an advance organizer. . . y

S ' .. Because ‘of some general familjarity with the content and
" the high' ability level of the sample, many sub’jécts wbuld be Tt

expected to already possess relevant subsuming condepts to R Tt

, , some extent, thus reduc%ng the potential learning advantage ~ o

S ,of the adyance organizers.‘ (p: 350)

£e

’ ., ©n the other hand, Novak seemtho be saying that“the relevant gubsuming

cqncepts are already constrthed in- the learner's .cognitive structure,
and they only need to.be cued into actjon by the advance qé&anlzer.
- The teader is presented\W1cg two distinct 1nc0ngruous v1ews. Uafortu-
nately, these diffexences cannot & clarified by Ausubel's origingl -
work. Therefore,. before further research can be very 1lluminat1nga
.investigators must form a goncensus concerning theé\function of advanqe
organizers. Kotfan .and Koran-came to a simjlar coftlusion: "As Cron- ¢
bach and Snow have suggested, the yhole concept of organizing operations .

. By the learner may require shﬁmper definition before -theorizing and S

X

o research can proceeg fruitfully. : (p. 352) o ; -

e . There could be apother problem. If advance organizers do not work
effectively when students possess the relevant subsuming concepts, and . .
if studepts ysually do possess -the relevant subsuming concepts to ‘some 1\'
-0 degree (3s Koran and Koran's gtudy suggests), then the effectiveness of
am ‘advance organizer in norm#® classroom situations would seem to be i~‘
.minimal. Consequently, Zne might urot ekpect useful results to emerge® ey
b [from'research into the effectiveness of advance organizers. . o

ot N

! . I - L. . - . ' -
. . I - REFERENCES - e
- - - - .. \‘
- _ 1 Herron,? Dudjey, et al. "A Summary of Research im Soience
v T "Education." Science ence Education (Special Issue),-1974. .. . . -

. . .
. . : . . .-
\ ) : ‘ )

A

.
. 8 - - .
. ? . . ‘ Lo,
. -

- . *Thus, according te Koran and Ko different styles in processing
N information should favor differeZiﬂtprsB:ieadvance organizers. Shmurak
L “*(1974) assessed the cognitive styles of students and constructed e .
Jdifferent advance organlzers to match their different cognitive styles: .7 . Y
However, she found that the non-organiﬁir" was as effective as the ",
advance organizer. . p . )
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Sequence on Children's Correlative Thinking about BioloBical
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.255, 1978, . K g

-Descriptors——*Academic?Qchievement, *Biology, Cognitive ) 7

Processés, *Instructiomal Materials, Intermediate Grades,
. *Leatning Theories, Science Education, Secondary Grades,
' *Thought Processes ,
- . : .
Expanded Abstract and Analysis Prepared Especially for I.S.E. by
William R, Brown, 0id Dominion University, Norfolk, Virginia.

¥ . . [ -
_ T % .o
Purpose Co ) .

The, purpose of this investigation was to Metermine if correlative
thinking in fifth, seventh, and ninth grade children could be facgili-
tafed by a Piaget—based structured learning sequence. If Subjetts who
have, acquired formal operations. are presented with the operatlons of
logféal multiplication, class 1nclus10n, equivalence, and reciprocal
excku31on, then they should be able to sblve correlatlon tasks.

+ —

Rationaie . ! . .
Aarionale ) \ .

The findings of Inhelder and Plzget suggest that the aequisitlod
of cofrelation opetations is debendent upon the development of the
following operationsn logical myltiplication, class inclusion equiva-
lence,- and’ rec1procal exclusion. A study by Smedslund concerning the /' »
concept of¢ correlatibn WP adults along with the work ef Inhelder and

"Piaget suggest tHat the.usd of a training program whose design imple-

mented these lbgical strugtures would enhance the acquisltion of the
correlation Operations. Biglogical printiples such as structure and
function, predator and prey, camouflage apd~predation, and mimicry and
survival are examples of correlative-based rules found in elementary

. ’ 4
school and junior high school science programs. -

-

Research.Design arid Procedure P

The independent variable was a set of struetured training exercdses
in four parts. (1) The logical multiplication.exercises required the
studerits to construct four sets of object combinations. from 2x2 tables.
(2) The g?ass inclusion operations involved the construction-of the .
marginal/eléments in the 2x2 taples that had completed cells. - (3) The

_equivalence and teciprocal exclusion operations used. tasks whose solu-

tions demanded the construction® 'of binary relationships of the diagonal
cells. (4)~ The correlation tasks used problem;rin which.the equivalence,
and regiprocal exclysion cases were summed and compared to determine the
event diagonals of greatest frequency. This enabled students to state

‘the rule. o . . i

.

The'three—hour training program used a deductive-generaljization mode

of instruction. The program and test were used,in two pilot studies.

3 o 11
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The dependent variable was achievement qd&iorreigfional thinking .
tasks. A ratipnale was presented for a treatment-pogttest only design
(XO). ‘ ‘ J- § \ . ) . ]
. : ! /

, ~g33~posttest consisted of six correlation prgbléms._ Each of the
ptoblems was presented in 4x5 cell’ pictorial form7t. KR-20 coefficients

ranged from .80 to .86. p . . N
The subjects were 119 fifth grade; Qé'seve h grade, ands 156 ninth
grade students from three parochial -sc¢hools. e samples were all the-
students at these grade levels.- N ) :
» - k4 L

All students received the same traiging and testing sequencéff The
relative efficiency of the trainin program was determined by coqparing
the achievements of fifth grﬁders ongrete operations level), sevenEh
graders {transition level), and ninth gradgrs (formal operations level).
Multivariate analysis of variance was used'tggindicate significant

difference dn achievement among the grades. 5, . . ~
. ] . . .
- . ' =
Findings ) - . "
An F of 4.21, p <.001, indigates a significant difference in
achievement ‘among the grades. - e <
An analysis of the mastery of the-correlation problem in the training v

sequence showed the following percentages of achievement: 'Grade 5 - 30

" percent, Grade 7-- 29 percent, and Grade 9 - 48 percent. All of the

groups had difficulty in those tasks that exhibited no correlation..
Ninth grade students weré/felatively successful in forming rules, but
less successful in forming operations on th¥ pair combihations using
€quivalence. and reciprocalyexclusibns. < s

.
S
» . » N

- = LA 1

Interpretations ct n

The results.of this study sug;ort those of Smedslund and those of
Intrelder and Plaget. Most students da the early formal operatfons stage ' ~
are not able to use correlation operations to construct rules from ‘ .
data. + Students in the early formal operations stage did benefit from . -\
the training. The biological principles ‘involving correlative-based - '
rules should he presented to young! children in such a manner that corre- .-
lative operations are not required. ' . ' .

. e c L A /("

_ ABSTRACTOR'S ANALYSIS
Beard refers to 'relations.between re?&tions"'as, e aspect of * |
formal operationd (1:125-133). Sgveral studies are cited dealing with .
the operations which are'\part of this study. Beard states that 'many
ad(ilts do not attain thelevel of formal operations except in some’
limited areas; if they are neither well.educgated nor of good intelligence
they may hardly reach it at all." ‘"The probkgy for the teacher is to ’
use teaching methods in such a wdy as toymaximize development of formal” .
thinking whenever it is pogsible." . .. . .

- -, ' U /
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Beard's comment$ ‘have several implications in connection with this
study. First of all, e/gn though the investigations reported the mean
age of the students per/grade level, it was assumed that grade level was
an’ accurate descriptor of Piagetian level of development. Were all ninth -
- grade students at the formal operations level, specifically for the-
;s relations between relatidns set of variables? Perhaps. assessment of
Stage of development should have been considered prior to inclusion of .
all students’ in the populatlon sample.

v

A second factor to be' consjdered is the validity of the criterion "

] ’ ,‘; . test and the tra1n1ng program., No validity indices are reported.
. L \
e .+ A-third issue is the time sequence of the stidy, The criterion

‘ ing program. It yould be interesting to assess the long-term effects .
.+ . . ol the training program. Doe$ the program: produce long-term results = . -
with wide applications to'numerous*correlative problems? "L- :

tests were adninigtered the day after the students completed the train-
t

v

""If concept development 1s considered as a developmental phenomena -
dependent on both Piagetian stages of developdént and experiences, ohen
several implicatlons can be suggegted. From a research viewpoint, task, =
analysis type dissections of curricula should be conducted in order to
assess what types of mental operations are necessary in order to success-

, fully handle gffecific bits of the cuglculum. This, ''need" is also
‘ indicated as a top priority for rese3rch in science education by NARST
members (2:163). - The instructional bits could then be arranged in a
sequential order‘ that would complement‘levels of -cognitive development.
Teaghers and admfnistrators at all levels must be encouraged to become
involved and stay involved in’this* type of fundamental -research.

. From a curriculum and instruction viewpoint, educators might
‘ approach curriculum decision-making from a goal-oriented attack rather
. " than from a subject matter orientation. For example, a curriculum
" decision might be to develop correlative thinking in adolescents. . The .

" +selection of instructional strategies and materials would be based on
ghis stated goal and the implications of resetarch rather than on the
selection ofytopics from specific discj“ines such as science. Impli- ;,
cations from the Nous and Raven study_iNdicate that certain adolescents
can benefit f£rom instructional strategies that develop correlative

\king. Topics such as the complementarity of structure and function
' t be included for older adolescents. The placement of “this topic
would be based om appropriateness in attaining the curriculup goal of
developing correlative thinking. Jumerous activities shbul¢ be provided’
for youngsters to develop. correlative thinking such as the use ‘of a two.
 dimensional matrix board where numerous attributes mayfhe placed and A
interrelated (3:224-225). . o v QT‘
L. * . .
X . Relations between re1ations is a critical factor 4in a comprehensivé
- ‘ understanding of science as field of inquiry. The development of
' appropriate teaching strategies, the selection of content, and the
' " assessment of both these factors must be encouraged. ] . oL

a2

>

-




.. 4 .
REFERENCES | « .
- * 1. ' Beard,, Ruth. An Outline of Piaget's Developm'ental Psychology -
_for Students and Téachers. New \York: Basic Books, Inc., 1969.

L4 ‘ *

2.. Butts, David, et al. "'Pfior;[ﬁies fbr Research in S¢ience -Education,"”

& T ~paper presented at® NARST-1977. stradt in "Abstracts of Pre- ,
T, sented Papers, NARST-1977," NARST, ERIC/SMEAC, Columbus, Ghio,
* 1977. o : .« ; .
" |

5 . « | - . .
. { .

<, 3.  Furth, Hans and Harry Wachs.. Thinking Gdes to School Piaget's '
‘ Theory in Practice. New York: Oxford University Press, 1975. - .,

’
¥

. I v ‘ B /

.20




- - B [y
[y

.Raven, Ronal!rand Herbert Strubing "Intrafactor;Transfer in Sécond -
Grade Ghildren." Science Educatlon, 55(1):31-38, 1971. :
. Descriptorsah*Achlevement, *Elementary School Sc1ence,-
. *Instruction, Learn1ng,‘Physical Scienceo, Scientific Concepts,
. ¥ramgfer of Training, Visual Perceptloﬁ ‘

“

Expanded Abstract and Analysis Prepared Espeaially for I S.E. by Jerry %
- G. Horn They University of South Daketa,” 7 - i S
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Purpose . J,'.- N et e - CL
- " - . - . L ..' ‘\" ._ -
The general purppse of this study 'is to determine if second grade
children's léarning from the" Science Currigulum Improvement‘Study Sv
unit Relat5v1tz (sic), of Positi‘on® and Motion ean be Signiflcantly
improved -by prior training with one’ of two units selacted from the

. Frostig Program for the Development of Visual Perdeption.. s .
. . ' . : ) '- ’ :' 0 ' L . . | - ¥ T ‘ —.~ l‘
. Rationale \ o, : : . “ S
. . - ’y VA A A ‘ . < N

" There has been an increasing 1nterest in the use of intrafactg[ .

‘ transfer in clagsroom learning Most educato?s have discarded the view-
point that learning is very specifac and . 1E limited to, the king’ of task
thHat is .exercised. Contrary to a p051tion taken by Thorndike Guilford
‘suggests that tﬂere is growing evidbnce:- of intrafactor transfgr which
shows  that learning need not be - ‘narYow or completely specific. -
> } 9

Certain science curriculum pro;ects, sueh as AA.A.S.. Sciencc——A
Process Apprdach,®are designed om the premise ‘hat stranster of training’

can take place iﬁ/the context of the.claSsrpom environment. - This: posi- -

tion .is supported by the work of Gagne and Paradlse and énderson.

“

One of the assumptions upon which-the strategy of cufriculum develop~J

ment rests is that there will be transfev of knowledge ,and skills ‘within
anid among learning sequences. The purpose of the SCIS-unLt Relativitz
(sic) of Position and Motion'is to develop frémes of rcference for
describing the position of a system.. ‘Plaget's studtes. of operational!
coordination suggest ‘that the magority of /second! grade studenhts would

. have diﬁf}culty achleving oy the’ science relativity d?it. oo :

’ ..

. Cronbach has différentiated between substantive tfansfer and
aptiiudinal transfern" in that substantive transfer refers to common,f
' ‘elements an¢g aptitudinal transfer: refers to the prepareation to learn
from an environment .that may have no substance in common with that which

“

| i’ﬁhght.\,_l, o .' o
Se. ,t, -, L] . - S .. f'
Rgseargh Design and Procedure ) o
;;«, -~ . . . . i

The sample 5ubjects utilized in this stuﬂy comprised the students
of* all nine secondsgrade classes in all of the public sc¢hools in the
-eity of Dunkirk, ¥ew York. The subjects Were heterogenous with regard
-to race, nationé&ity and socioeconemic group. The mean chronological

- . ' ' ’ . '( B

o 5 o » -
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age was .eight years and two months, and the mean -IQ (Kuhlmann—Anderson,
7th edition) was 106. 5 C ooy - L
‘ . L . B ]
Each ¢lass was d1v1ded into three randpmly assigned experlmental

. groups. The first treatment for each of the three groups-is found
N belWo -t ) . - e
. ‘o . - . =~ ‘ '
- -, % Group I: Frostig Spatial Relationship unit
o .. y'Group II: ~Frostig V1sualJMotor Coordination unit
' \ Group I1 (control) "Outlined pictures to color"
‘ The treatments were prov1ded for fifteen days. The teachers of \the .t

subjects monitored the activities and restructufed the roem arrangment

to preygnt contamipation of the learning situations in the variods A

groups. A second tredtment, the science relativity unit, was undertaken

by“all groups (I-III) for twelve days. The teachers were given a set of
. *lesson plans’that described what was’ to be- covered, how it was to be -
covered, and how much time was to be allowed for each activity.

All students were administered the science relativity unit achievement
test three days .after, the completfion of the 1nstruction oh the sclence
relativity unit. A pilot study_was undertaken“for the purpose of estab- .
lishing the reliabjlity for the test, and it was determined to be 0.80
* (Kudétr-Richardsufl Formula #29). The Metropolitan Achievement Test scores

and_the KuhlmannsAnderson Intelligence test scores were also obt&ined for
each pupil from the schools records.

v

L4

' - - 4
The basic experimental design is diagrammed below: .

. !
| Rp o X %4 0 «
' ‘ NRpo X X% 0 . e '
Rrzr %3 . %X, 0 ) )

.

The smallest number of subjects in-any one group was.seven. The

. \ computer program for the statistical tést .used in this stidy demanded an
Y 1* . orthogonal design which requires that the number of observatioms in each
possible combinatiom of treatments is the salme. The size of the com=-
) parison groups was equalized at seven hy random pracedurks. This resulted
. in a total sample of 189 subjects (three groups x nine classes x seven .
subjects = 189). A twp-way analysis of variance (mixed e¥fects model)
ca for treatment and class was performed. “Althoug ubjects were assigned
4 to treatment groups by random procedures, IQ achlevement test scores
were compared to determine if a systematic bias did exist.
- * Findings ’ . ) \\ T R
Based on the analyses of the data,!it s found that the two
/ ‘ treatment gtoups (Frostig Spacial Relatlonship group and Frostig,ViSual-

Motor Coordination group) did significantly better (at the .0l level)
., thap the control group ("outlined pictufes to color"). No difference
was found between the two experimental groups (I and II).  These result

A

sitow that a proactive facilitation occurred between the Frostig units' .

\ and the science unit.

g . 20 . -
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. ¢ . ' Interpretations

¢ L]

. . 1]
D Substantive trahsfer of the ‘'specific content taught by the Frostig
o Perception of Spattal Relationships unit enhanced learning on .the science
g . awmit. Aptitydinal tradsfer' of the general conteht tafight by the Visual-
' Motor unit also enhanced learning on the science unit. One of the
i 'reasons for this may be that there are some skills that are treated in
' . the Motor:Coordination unit which are distantly related to the séience
. . i'unit’, i [ - ) '- L . , .
There were significant differences (.05) fouhd.between the classes,
-but the 4luthors administered the science achievement test to minimize
.. cldss differences. The results of this study must.be tempered to some,
‘ ,  extent by'thé fact that the mean IQ 'and Metropolitan Achievement Test
scores of the controi'gfdup were slightly less than the corresponding P
scores of the experimental groups. . 5 Lo

The results of this study seem to indicdate that' the type of’ v
perceptual training provided may not be the mast significant factor in
achieving on the, relativity science unit. Perhaps, the most important -~
aspect of ‘prior perceptual training is its ability to bring ‘into focus
for-the child the elements of perception in general. '

. b | .
B * » . ) N N

- © ABSTRACTOR'S ANALYSIS ) v

The content and nature of .this study obviously’ address concerns
basia to the total education.process, such as the  potential for the
transfer of learning and the. lack of necessity for narrow and specific
, leafqing tasks. Also, as a setondary’ purpose’ it helps to establish
.o validity for a specific program said to develop visual perception. The

. ,authors of this’ research report utilize the SCIS materials as a part of
the project, which probably attracts a particular audience of readers °
that may not mormally seek out studies on learning and intellectual .
development. ™ N ' ot NG

. ’
‘ N ‘“‘v.
4
. . ’

. ] L. - . . .
- The revigw qf the literature was found te be central to the study,

: - and' a readér would have difficalty in understanding the results and

: implications of this research unless it had beer thagpughly concep= .
tu?lized. This abstractor 'had some Jrinor concerns about the title of
the SCIS unit as listed in the report,A"Relativifx of Position and
Motion." The current SC¥S unit.of this nature is "Relatiwé Position
and Motion," and one, might presume this to be a preliminary versiom,

+ although no ‘mention is made of this specific title even as early as
. ' 1968 in khe st1s Elementary Science Sourcebook. This problem seems
very tangential to this $tudy.and warrants no further comments.

Since Campbell and Stanley's works are often used in déveloping
. research’ designs, the references made to this material by the authors .
- ", : 18 commendabld. The paper itself was written in a format ‘that is.easy
) to follpw and, is free from uprelated 1qformat£on. P
Ihé random gssighment of studefrts within a class to one of the
three .treatment groups should be highly regarded. A more usual practice

L . ~

*
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is the assignment of a class to one treatment, thus in this case there
would be a total sample size of nine, and a celL size of three for each
treatment group . : i e

Ad 4
’

In reviewing the ddta which were in the original artlcle But not in
this abstract, one cannot help but note that the control group had the
, lowest mean score of all three groups on the measures of IQ and achieve-
ment. The authors set this aside by quoting Campbell and Stanley on
-randomization as an "acceptable guarantee against one group having more
or less ability than another group.' One wonders if the determination
of the correlation of age, IQ and general achievement with the dependent
variable in this study ('science achievement') might not provide some
useful insights. Otherwise, the research design and statistical treat-
_ment of the data are appropriate within the limitations imposed by the

"nature of the sample.

" In the description of the subjects it was stated, "the students
represented all races, nationalities, and socioeconomic groups commonly
called 'culturally deprlved' " - One must find great difficulty in the
interpretation of this statement, particularly when attempting to
generalize to another locallty Does this statement mean that all races
are in the city*s£ Dunkirk, New York, or does it mean that all races
that are commonly" called culturally deprived are in the city of Dunkirk,’
New York? ' ‘

~ < ) ‘ ] . ~ *
Within more recent years, the findings of Piaget's works are an
important part of research in stience education. This study predates
mich of this work, but certainly should be noted and built upon in the
future. It gives credence to both current methodology and curricula in
science educatidn. The researchers, Raven and Strubing, have recognlzed
important findings in their study and have attempted .to cite appropriate‘
limitations. Of equal importance is the merging of the works of. Thorn-
dike, Guilford, Gagne, and Piaget, among others, into a study that
attempts to provide a basis for teaching and curriculum develogesnt in
science educationm. .

.- . N . S
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Raven, R. J., and H: Polanski. '"Relationships Among Piaget's Logical o
Operations, Setience Content Comprehension, Critical Thinking, and
. Creativity." Science Education; 58(4):531-544, 1974. . ’ ‘
Descriptors--*Cognitive Tests, *Comprehension, *Concept Forma-
tion, Creative Ability, Critical Thinking, *Educational Research, §
Learning Theories, *Measurement, Models, Science Education’

__Expanded Abstract and Aﬁalysts Prepared Esbecially for IfS.E.\Qy Anton \
E, Lawson, ,A‘r.i'zona&ate University at Tempe. ) P

. ’ |
Purpose ) . ) ’ . )
- Thegpurpose of this study was to describe some relationships
between 'a Piaget-based model of content comprehension and other types
of cognitive processes tbae’ﬂavg been related to comprehension.. Two . .
questions were asked: ) '

. A
- '

s i!. Is there a positive relationship between science content

comprehension, creativity, critical thinking, and Piaget's
logical operations?

2. Do chiddren's sc}ence'content comprehension, creativity,

critical thinking, and. logical operations differ between
. fourth grade and sixth-grade?

,o
’ . L}
« . 1, N ) .
A onale .
Raglonale o £ .
The major thesis.of this study is that the student himself must i
impose some sort of restructuring of the science content before he can

meaningfully comprehend it. This notion stems from Piaget's epistemo-
logical position that to know Something is to act upon it. Presumably,

in order to restructure science content--that is to comprehend it-- the
,Plagetian logical operations involved in classification, sSeriation,

logical muyltiplication, comperigation, proportion, probability,-and
correlation are.used. If these operations are lacking or poorly developed,
then the ability to restructure science content will also be lacking or
poorly developed. Therefore, §ciénce content will be poorly comprehended.

The present stpdy is, in effect, an attempt to gain some empirical
‘'support for this thesis. Raven and Polanski call this thesis the "logical
operatjions science content comprehension development model."

’
' -
> ~

Research Design and Procedure

»
Supporf is sought for this thesis through a study of the intercor-

relations of five criterion measures. The five measures were:

1. Science Content Comprehension Test - deveéloped by Raven and

‘ ‘Polanski; ‘ .
B & . . d . «
® 2. Torrence Tests of Creative Thinking - verbal and figural
. tests;, e N

L
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3. Cornell Critical Thinking Tests\, conditional reasoning and
" class reasoning;

- 4, Iqwa Test:of sic Skills - vocabularynand reading
. . ~ comprehensionj . 7 T

€,

. Sv,Raven's Test of Logical Operations - oeveloped by Raven.

The tests were administered to 111 fourth grade students and 109
sixth grade students of slightly, above average IQ. "The socio-economic
level’ of the .sample was described as ranging from low middle-class to
_n_.ﬂ“uwcwm-_uhishmmiddle-elassr—»Five—testing~situatrons were set up for each grade.
* Each testing situation lasted approximatqu one and ‘a half hours with
a break midway through fhe session. One testing session was held per
"week for each grade. - The investigators administered. the tests.

, , Findings . S
- . . ‘ . L

1. Test reliabilities determined by.Hoyt's.analysis of variance:
were 0.85 for the Raven's Test of Logical Operatiens; 0.82
for the Science Content Comprehension Test; and 0.89 for the
Iowa Test of Basic Skills (comprehension): The scoring
validity of the Torrence Tests of Creative Thinking were
determined by factor analysis. Since the analysis yielded
results consistent with the tests' constructs, it was con-
cluded that the tests had adequate reliability.

2. The Science Content Comprehension Test cBrrelated’ at 0.62 .

', with the Raven's Test of Logical Operations; at O. 69 with
the Iowa reading comprehension .fest; at 0.34 with the class
reasoning test; at 0.42 with the conditional reasoning test;
at 0.32 with the Torrence verbal test; and at 0.14 with the

, Torrence figural test. - .

‘3. The means for the critegion tests (and subtests) generally

increased from fourth grade to.sixth grade.. Univariate F

N\ ratios comparing mean scores reached significance (p < .001)

A for 14 of the'l9 subtests.~ \ :

of Logical- Operations.and several, of the \

ere reported. The reported: coefficients ) \

. ; C the Raven's Teslt
\\ other meaSures

5. A factor. analysis&gfgseveral of the measures was reported.
-~ . A factor identified-8s a "comprehension" factor accounted a
' : for 13 percent of,the variance. The classification and ”
g logical multiplication subtests of. the Raven's Test of -
Logical Operations showed moderate loadings on this factor.
. []
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Interpretations

Thgféuthorsjincerpfet the high correlation (0.69) between the Science .
Content Comprehension Test and the Towa reading eomprehension test to

indicate that the student is using related operations in answering ques- *

tions on both tests. .The high correlation’ (0.59) between the Science

Content Compreheusion- Test and the Raven's Test of Logical Operations

suggests’ that it is ipportant to consider ‘the role of these logical opera—~

tions ir, gcience .content comprehension. . ? . ’
3 . . * - .

. The finding that the classification spbtest of ‘the Raven's Test of
Logical Operations accoumted for a substantial portion of the vari¥nce of
the 'class reasoning test was expected since the class réasoning process
involves the grouping of objects or events-and the comstriction &f new
group relationships. The positive relationéﬁip between the probability .
subtest of the Raven's Test of Logical Operations and conditional reason-
ing test was explained by the assertion that the conditional reasoning
process uses words 'such as "if'" which hiue a probabilistic characteristic:

. ,

» Low intercorrelations between tests, such as the figural creativity
test and the Science Content Comprehension Test (0.14), and the figural
creativity test and the Iowas reading comprehension test (0.15) were
a;pounted for by the difference in test formats. % . .

-

-~

-,

f * 'The results of the factor analysis, which showed two subtests of .
the Raven's Test of Logical Operations loading on a factor identified
as a "comprehension," were intefrpreted as support for the argument that
the proctess of restructuring of given information is common to a-vardety
. of ‘comprehension operatiops. i . . )
The finding that the sixth graders performed better than the fourth
graders on most ofs criterion measure subtests was consistent with
the authors' expéctatdons based upon their interpretation of Piaget's °
theory. ™ . )

-4
\

-

The authors conclégg.;hat their findings strongly Suppprt»the
validity awd usefulnebs d&f the logical operations science content com-
prehension developm¢ntal model. This conclusion was drawn since the
mode’l was used to design the Séience Comprehension Content Test and this
test was found to correlate significantly with the other measures used
1n the study. : - - ,

~

. ’ : ABSTRACTOR'S ANALYSIS i

Raven afid Polanski offer an interesting thesis. Following Piaget,
they are hypothesizing that an adequai‘bcomprehénsio of science content-~-
requires the learner to impose some sort of reslructuring upon that
cantent. This restructyring presumably involves mental operations such
as classification,~seriation, logical multiplication, proportions,
correlations, and so on. <

~

¢

’ - f
Unfortunately, one cannot be sure just what Raven and Polanski mean
by "restructuring" since mo examples of such test items were given. The
researcht report would have been more informative if -examples had been

» ~ e
’

-
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vgiven. Nevertheless, I.suspéct that they mean that the student must in

cwill suffer. For exagple, to understand the concept of biological |

some way be able tq "operate' with the content for that contént to be
adequately comprehended. In a sense, adequate comprehension is being,
defined as "operative knowldége" as opposed to static or "figurative"
knowledge in-the Pjagetian sense. If the Piagetian operations required ’
for*operative knowledge are lacking or poorly developed, cgmprehension ’

succession, the mental operations involved in serial ordering are needed
.to place plant and dnimal types into a serial arrangement through time.
Or, to understand the quantitative relationship between the strength of ¢
attraction of moleculdr particles and their inter-particle distance;

the mental operations involved in proportional -reasoning are,needed.

’ This general thesis seems to me tp ‘be of great - significance. . We
‘have long suffered from the problem of teaching content that forssome .
reason or another, simply was not adequately comprehended Piagetian
_ theory provides an hypothesis to explain* this 1ack of comprehension
(cf. Lawson and Renner, 5). ' Further,. necessary steps are suggested to . ST
correct this~difficulty. Namely, design imstruction.to explicitly |
teach’' these operations [e 8., Raven (9);“Lawson and Wollman (6)]. The
result’ of such instruction would be studentsf/agped with the mental = ¢
operations necessary for science content coﬁg;ehension. i

Notice that this model of science content comprehension necessarily

Pprecludes the teaching of certaim theoretical concepts to young elemen-

tary school stgdents. These students, who generally are just beginning

to develop proligiency with conc¥ete operations such as classification N
.and seriation are a long way from developing proficiency with formal
operations‘§uch % proportiens, cotrelations, combinations, probability,
‘and so on. Accgiding &o-this'view of content comprehension, these ot
formal .operations wodld be needed to meaningfully comprehend certaird v
theoretical cgncepts, presumably because our reasons for believing in

.

" the validity of such concepts depends- upon analyses of datasusing these .

operations, If students have no fac11ity with ege formal operations,

they would have no way of comprehending the nature’ of such concepts and ,

our basis for belief.in such concepts. Their knowledge would have to

be based upon faith, rather than upon evidence and upon reason. Also,

their knowledge would be static (figurative), rather than operat1ve.

Further, the premature teaching of such concepts most likely would mot

‘result in the development of formal operations. . .
4 . & \A. , ~

It should be noted that not all science educators would agree with Lo
this restriction upon the teaching of theoretical concepts. Novak (7, s
8) y for instance, uses Ausubel's theory as a basis for his argument that -
children can "acquire theoretical concepts well before they reach N
_Piaget's stage bf formal operations. Novak, however, fails to explain
Just how Ausubel's theory can be used to justify such teaching and why .
Ausubel himself. acknowledges the necessity for formal operations in ’ -
such learning situations (e.g., Ausubel,. 2:149; Ausubel, 3:279; Ausubel,,
"4:261; Ausubel, 1:219-220).

Having said. thie, let us return .to the present investigation. Just
how much support do the data give to the Raven-Polaggki thesis? In my
judgment they lend some support, byt not much.r the authors suggest,
the strong relatlonship (0.62) between the science Content Comprehepsion
" Test and .the Raven's Test of Logical Operations could be accounted for

& 34 ) . ‘ ~
' - 22 -
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simplyeby the }act that both ‘tests were designed to require the use of ) R
the same logidcal operations and not gecausg,the.operations are necessary . .
for science comprehension. ) . R ; ‘ ’ 2

-
-

The authors go on- to state that the strong association’ €0.58)
between the Iowa reading comprehension test and the Raven's Test of
Logical Operations negates this argument since the constryction Mthe
Jowa reading comprehension test did not use the logical operations
model in its development. This argument, however, seems i# error since . ) f:
the authors themselves report that 20 percent of ghe items On the Iowa ’
reading comprehension,test did involve the \Jogical .Gperations’ found on )

- the Scienge Content Compreliension Test. The correlation between’ the .
Iowa test and the Science Content Comprehension Test co®ld then have

" been due largelx to that 20 percent of, items involving the same opera= -~

tions, ratheE-than‘the need for thode operations in comprehension. )

Further, it should be pointéd out-that, although the Raven's Test -
- of Logical Operations and the' Science Content Comp;eﬁbhsion Test did
correlate moderately with a number of other tests, these moderate ‘ »
cogrelations need not be attributed to the necessity for restructuring
operations as the authors argue. They could be attributed to the
necessity for restructuring operations as the authors argue. They coydd -’
be attributed to a general test taking ability, verbal-intelligence, or '
some sort of "g" factor.  These general factors n'ormally account for a
substandard portion variance in many such studies and must be acknow- -
ledged., The computation of partial correlation coefficients with, say, .
verbal infelligence partialled out, would have been more informative.. ! )
The computation of correlations as a othesis testing tool is useful,
however;‘significant limitations of th® methad exist. -

In conclusion, Raven and Polanski”have suggestedﬁan extremely .
fnteresting'thesis about thg relationshig between Piagetian logical
operations and seience content comprehension. They have obtained some
support for" their thesis, hoyever it must be. tested witﬁxmore complex
research procedures before Ats validity can be convincingly established..

-«
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Nordland, Floyd‘H., Antom®£. Lawson, and Jame B. Kahle, "A Study of
Levels of Concrete and Formal Reasoning Ability in _Disadvantaged
Junior and Senior High School Students." Scieneé Education, 58(4):

. 569-576, 1974, ’ /

_ Descriptors--*Concept Formation Disadvantaged Youth\ Intel-
" lectual Development, Instruction, *Learning Theories, )
*Measurement, Science Educaticn, Secondary Schodl Science,
*Task Analysis

’

Expanded Abstract and Analysis Prepared Especially for I.S,E. by Gene
Craven, Oregon State University , . '

Purpose

| N

The stated purpose of, this study was "to evaluate the extent to
which disadvantaged junior and semior high school 'students have

. developed selected concrete and férmal conservation concepts and to

evaluate the extent to which theylhave acquired< formal operational
reasoning ability."

Rationale .
- - ~

Four éequentiAI stages of cognitive development are postulated

An Piagetian tff®ory, namely: sengorimotor, pre-operational, concrete,

and formal'operational stages. Develppment within each of the stages
follows a fairly predictable pathj .(a) an initial experimenting phase
during which strategies of experimental 1nterpretations are acquir
(b) the progre551ye accumulation -and elaboration ¢f advanceg techniques
affirmed by experimentation, and *(c) a restructuring and consequent ,
extension of existing cognitive structures to incorporate the newly
acquired strategies.

. . .

““”ﬁt eleven or twelve years of age there is a transformation in a
child's thinking from concrete to formal thinking. .Up to this age the
vparations of intelligence are ''concrete," i.e.,'they are concerned with:
tangible objects that can be manipulated and subjected to real action.
As of eleven or twelve years the logical operations begin to be trans-
poséd from the concrete to ‘the ideal or formal plane. Two cognitive-
skills underlie formal operations--the ability to subordinate the .real .

_ to the possible and the ability to reflect on bne's thought.

e
e
¢ -
-
"
N
Q

While the ages at which children's cognitive development is
transformed from one stage to the next vary from culture to culture,-the
order is invariant. The investigators cite studies which show that

"rates of attainment of.concrete reasoning ability (by children) . .
vargy significantly with socioceconomic level as well." - :

’ . , -

Research Design and Procedure

. Djpadvantaged students randomly selected from two separate
populdtions attending,urban schools were administered Piagetian tasks

~
. .
- . ‘ -

N f ’ b . ) ‘
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in individual interviews to determine the extent to whlcﬁ they had
. acquired formal operational reasonlng abilities. One sample consisted
of 96 students (ages 11.4 years to l4.4 years: mean age = 12.6 years)
enrolled in seventh grade science classes at a preddminantly black and
Spanish-American junior high school. The other sample consisted of

506 science students from a predpminantly ﬁlack senior high school. .
, .

The tasks, all of which wegre administered in individual interviews,.
had been employed by previous Ptagetian’ investigator$s. Thus, only brief.
identifying descriptiqns of the tasks and materials were included.

'
-

If a student was found to be a nonconserver of weighty he was given
tasks on conservation of volumerclay, conservation of volume-metal
" cylinders, separation of variables, and equilibrium in the balange ' .
.- (7th graders) or exclusion of irrelevant variables (high school students).
The formal separation of varlabies, equilibrium in the balance, and the
formal exclusion of variables tasks were designed to measure formal
reasoning abilities. - -

Criteria used in classifying a student's responses to each of the
tasks and ‘the corresponding point séores are described. Two points were
awarded for successful completion of a conservation task--one point for
a correct conservation response and one point for 5 correct explanation.
A total of three points each was possible on the formal reasoning (exclu-
sign ‘of v—as\iables, &eparation of varlables, equilibrium in the bala/\?be)

. tasks. Criteria for classifying and awarding points for responses £o the
fortmal reasoning tasks are described adequately for replication by persons
familiar with-the tasks. Subject responses to each task were categorized
and points® awarded as follows.

IT1 A Early Concrete Operational 0 .points

-

II B - Fully Concrete Opérational - 1 point
111 A Early Formal Operational 2 points
III B Fully Formal Operational 3 points

The total interview scqore for a subject was calculated by  summing the
individual task scores. Due ¢o the number and nature. of the tasks
- administered, the Piagetian 9perational levels of thought and the range
) of scores were as follows:

/',// . . ‘'
0-1 points — Preoperationai Thought
' 2-6 points II A Early Concrete Operational 3
. (Three conservation tasks--area, length,
weight) - a3
7-14 points II B Fully Concrete Operational

- . (II A tasks and two formal tasks awarded
1 point each)

15-20 points III A Early Formal Operational .
(Two conservation of volmme tasks and «
. - two formal tasks) . \\0

- * . 3 -
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» 21-22 points “ III B Fully Formal Operatiﬂ‘%l

’ * ' (III A and successful'completion of, the
. separation ?nd exclusion ‘or equilibrium

M . tasks)

- ‘ -

The highest possible score for the n®nconserver of welght was 10 points
earned by conservation responses and correct explanations for-the 5
remaining conservation tasks on\yhich from 60 to 98 percent of the

subjects were successful. B ) - '
Findings . s
\ ' In general, the two groups of students-perfo d similarly. Be;weeh

"#91.7 and 97.9 percent of the subjects, were successtul on the conservation
tasks; number, continuoys' quantity, and substance. A second group of
tasks of similar difficulty (between 47.9 and 72.9 percent) fucfuded
conservation)qf area, length, and weight. Only 3. ltto 11.0 percent of
thé subjects demonstrated conservation responses on“the volume tasks. *
Data were not reported for success on the formal reasoning tasks.

.

’

-

Percentage of TOTAL SAMPLE

Piagetian 96 Seventh 506 Senior
Level Grade Students High.étudehts
) ,

1 Preoperationall‘ . 1.0 1.0
11 A Eaéiy Concrete Operational 16.6 C 16.8
' II é Concrete Operatioral . 66.8 . 69.0

III A Early. Fc;rmal Operational. 15.6 ‘ 13.1 .

III B Formal Operational .- 0.0 O.iq ,,////
» . A i . . -0

*According to these data, the majority (84.4 and 85.8 percent) of
these 11.7 to 20.0 year old subjects were concrete thinkers. Only about
13 to 16 percent of sthese subjects demonstrated evidence of formal
reasoning ability Correlations between suhgect ages and the total
Piagetian task scores were reported to be near zero for both the junior

» ' high school sample (r = -0.03) and the denior high school subjects
(r‘OOO) ' _
\ .
Interpretations ‘ .

"These results suggest that the lag in acquisition of tonservation
concepts in disadvantaged primary-school.children continues and probably
becomes greatef in disadvantaged-adolescents. The finding that only
about 13 to 15 percent of these subjects demonstrated any evidence of ’
formal reasoning abdlity cowpled with the lack of correlation with age
suggests that, fqr the majority of persons in this segment of society,

"
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" formal operationél skilIs will probably nkver develop under existing

conditions" (p. 574) ) ﬁ

M"Questions concerning appropriate kinds of instructional methods

. and materials for this type of student eem imdeed- crucial. While a

person is in the concrete operati ‘tage his thinking and understand- .
.ing is restricted to /what-.he’can ph s cally se’e, feel,” and exﬁbrience
“In first- hand situatlon He 1is u le to deal with abstract concepts

oI processes., Therefore it is imperative that claggsroom ‘agtivities, in,
such subjectd as science; involve concrete materials of the discipline.
EoY, concrete thinkers to develop meaningful understandings, the laboratory,

: not’the textbook, must become' the major soyrce of informaqéon and prov&d7

the basis for d1scuss on'" (p 574). . .

' o ! o Q »
ABSTRACTOR'S ANALYSIS o
» ‘ \ ’

fhis study adds a new dimension to a large and rapidly growing bady of
research on the Piagetian/model of cognitive’ development.. It extends to
adolescents the findings of studies which report "signifibant socioecono-
mic differenceg in young children § acquisition of conservation .concepts"
(p. 569). The findipg that ‘a majority of the disadvantaged adolescents in
thegsecondary school science classes in this study defonstrated no evidence
of formal reasoning cadtributes to‘a theoretical basis which should be of

- importance to curriculym developers ,and cIassroom teachers.

’

-

In his comprehensivdfsummary.of Piagetlan research, Modgil states,

"Perhaps in no other area of psychology is there so much’' cross-cultural

» and cross-social-class empirical research data avallable as on the
Piagetian tagks'. He concludes, "however, with the eyidence available
go far, it is difficylt to make any-sweeping statements about cross-
cultura% replication of Piaget!s findings, There are problems in
interpreting the results from cross-cultural studies, parely because of
differences'in language and‘?irtly due to experience’and cultura%
values (5 226). - ., - .

. . .

While the cross-cultural and cross-social-class research cited by
Modgil is extensive, it is -quite diverse. Only a small number of studies
- have included U.S. blacks and other groups identified as disadvantaged.
Except for the present study, the subJects have been ‘young children.

. An ipvestigation ca‘ed in skbport of this study was by’ Waisk and
Waisk who reported that "for culturally disadvantaged primary children;-
asgu&sition of a variety of concrete conservation tasks lagged-1 to 2
yegrs behind the ages at which such concepts are mastered by middépr/
class children" (6:1587). .No similar comparisens can be made fr he

. present study since it was limited to disadvantaged (predominantly black)

-

science students. According to the Campbell and Stanley (1:176) nﬂﬂﬁn—
clature, it is a One-Shot Case Study which provides consigerable
information about a single population but for which cautifn must be

-exercised in drawing causal or comparative inferences.

F . )

Space imitations that are imposed on the authors of any journal
prticle often leave unanswered many details and questions regarding the

)
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research design and Anvedtigative procedure which,.while appearing tdg be -

.relatively tr1vial qould be important to . persons conducting replication

studies. s ’ l

Two unstated assumptions appear to have been made by, the >
investigators. The first is that all students attending -the two schools
and participating in the study were disadvantaged. If this fact was
established empirically, the operational definition of ”disddvantaged“’
and confirmation that the subjects were indeedvdisadvantaged would add
to confidence.in the findings. )

A second asgumption is implied in the title of the journal article
in which research data from two populatjons of science students attending
predominantly blaek and Spanish-American urban schools hawve been .
generalized to '"disadvantaged junior and senior high school students."
Predominantly black and Spanish-American implies that students from other
ragial or cultural groups attended the schools from which the subjects
were selected and could have been participants in thg study. SiAce race

"and cultural group references were used in the journal article to def1ne

disadvantaged an analysis of the school population and the subjects of
the study by race and cultural groug.would be H%lpful in 1nterpret1ng
the’ findings. '

A study by Gaudia (2) suggests that there is a difference among ,
lower~class environments of racial groups that affects performance on\
Piagetian tasks. Using subjects from several schools in Westerp New
York state, he found that ''Negro children performed at a lower level of
conservation than Indian and white:children'" (2: 163). ,, He argued,that
"this increasing difference between racial groups with increasing

'chronologlcal age suggests that enyironments may be entirely different

1 4

among races" ‘(2:163). Piaget claims that environment is a factor in
cognitive development, but a relativeiy minor one ‘and then only when
the cultures are widely divergent. Until empirical data lead to a
rejection of racial differences due to di‘fering environments, caution
should be exercised in generalizing from a sample representing one on
téo disadvantagdd cultural groups to all disadvantaged students. Also,
the possibility o€ racial differences in conservation due to differing
lower-class environments raises questioms regarding the validity of .
combining urban black and Spanish- American students into one group of
disadvantaged students. .

Inhelder, Sinélair, and Bovet conclude that "differences in the
ages of acquisition of various concepts have been frequently noted in
cross-cultural research and seem to be governed by the amount of cog-
nitive stimulation the child receives in his everyday life" ,(4:128).
The present study provides little information aboyt the everyday'life
of the subjects or data on their psychological, ciltural, ‘academic, or

cognitive attributes other than performance on the Piagetian tasks. Smd(/
h

Could such data previde clues for the finding that the senior high'sc
subjects performed less well on the conservatiop tasks than did the
junior high school subjects? s .

For persons fimiliar with Piagéian Jesearth,_the journal article
adequately défines the ‘conservation and formal reasoning tasks via a

- .
-
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pandgraph devoted to each. These tasks have been employed d described
. by mady investigators, While the tasks are adequately defined, the cot-
ditions of the interview and the interview technique necessatily vary
from stud9 to study due to different physi'cal facilities, djfferent
persons conducting the interviews, and possibly different ways in which -
the tasks are administered¢ A-detailed descriptiorf of the interview ' , ’\ ) '
procedure followed in the present study would permit comparisons to
other studies and make replication possible. It would be useful to know
how the interviewers were trained, the degree of experiment@r variance,
" whether or not a given interviewer gnterﬁiewed the same proportion of
subjects from each of thée two populations, how the students were intro-
duced to the tasks, and the procedures used in‘recording the data.

< -

N
-
.«

An effect of interviewer technique in performance of the subjects’
18 reported By Inhelder, Sinclair, and Bovet who state that ''in the .
experimental situation it is often necessary to repeat the question ¢
several times in-a variety of different ways, so as to elicit’ the use
of unfamiliar types of reasoning' (4:128). Greenfield and Bruner (3)
report that many unscho¢gled subjects were led from nonconservation.to
conservatiog when the child himself carried out all the actions with
" the liquid conservation rather than observe the experimenter do so. In
the present study the '"disadvantaged' subjects are likely to have been
unfamtliar with the types of reasoning required by the tasks and may
have been led from nonconservation to conservation had thére been an
opportunity to carry out the actions with the materidls. . - T

P

i

.
1

A basic criterion of statistical analysis ,appears to have -been met

by the fact that the subjects "were randomly selécted from seventh grade
science classes' and were ''randomly selected science students from a

. . . senior high schoel".(p. 569). It would be helpful to know if the- ;

sample was randomly selected frof the set of all of the students in all . )
of the seventh gnade science classes and from all of the hi school P
science students. Assumlng that this was the case, 1t woulg%ye inter-

esting to know the rationale for the numbers of students (96’ and 506)
who were selected as subjects. . . ‘ . , .
In sumﬁary, the study is described succinetly and eoncisely, giving . - .
the reader a reasonably clear description of the study and its flndings -
within the space limitations imposed on the authors of a journal article. \\ ~;3

The findings are clearly reported in graphical and tabular form and the
conclusions ‘are consistent with the data presented. Several important
impIfcations” for science teaching are considered.

A relatively small amount of research has been conducted to determine
the Plagetian level of cognitive develdpment of junior and senior high
school students who are comgonly taught science’ and mathematics as 1f°
they are-at the level of formal xeasoning. . Further comparative studies
appear to be warranted to determine the extent to which cultural and-
class environments affect formal reasoning ability. ;1 Support for such .
studies is provided by Inhelder, Sinclair, and Bovet who conclude that
"investigations in the Bield of the role of tultural environment on the ‘ :
process of operatory development is only in its infancy and much more
research is needed” (4:270) -
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HcIntyre, Patrick J. "Students Use of Models in Their Explanations of
Electrostatic Phenomena." Science Education, 58(4):577- 580, 1974.
Descriptors--*Concept Formation, *Educamional Research,

. Elettricity, *Elepentary School ' Séience, Instruction, *Learning
Theories, *Models, Science Education
.- ' ~ ' /

Expanded Abstract and Analysis Prepared Especially for I S.E. by .
*= Lowell J. Bethel, Un1vers1ty of Texas at Austin. ' !
‘e . 1 N > . ' e C“Y*' [
" \Pugpose '
*The staoed purpose of this research was to investigate children's .
understanding of specific types of electrical phenomena (i.e., electro-~

) ~statics) and the extent to which children used model\_or analogies in .
- their explanation.

.
A o

- .Rationale ’ ) : ' )
. _—0 . v »

Research 1into young children's understanding of scientific concepts

and phenomena has been conducted over a number of years, Studies have
been conducted which indicate that children use models to explain vari-
ous  types of phenomena.' Thus, children can be classified as modelers
or -nonmodelers based on their responses to questions about specific

* phenomena. This inyestigatien is an extension of these studies relative
to electrostatic phenomenas

-

FIN

Research Design arid Procedure

3 7

© A total sample of 57 pupils were randomly selected from

elementary school population of 405 in grades two through

were shown three dempnstrations: (1)-a charged xomb p

pleces of paper,- (2) a ‘charged balloon sticking to a wall, and (3) a

~simple circuit being opened and closed by a switehf/ After each, demon-

‘ . stration five questions were asked: T .

* 1. What did you see happen? )
t

‘

- ‘ '
- 2. How would you explain what happened to another student? .

' 3. What do you think the comb (balloon, switch) might bd/like
for it to work the-way it does? )
4. Do you think your explanation would help another s%édent
understand what happenéd? . /

-

-

“ ©- 5, Is there anything else you would like to tell me’ about the
5 demondtration or how you would explain it? ,
. ' ~ T
All pupils were intervié@ed/individually and the T responses were - -
recorded on audio-tape. The tapes were analyzed to determine if the

pupil used a model to explain the observed phenomeng. Acéhraey of

)
A J

o < . 353 7
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- responses was not considered. The pupils were interviewed until there .
were at least eight pupils in each of the categories (modeler and/or
‘nonmodeler). A pupil was classified as a mqdeler if he used a model

»~1n at least two\ex lanations.

.

Findings

- / >
‘i! : No traditional statistical treatment was used to analze the data.
The data were simmarized in terms of the number of pupils interviewed
and classified as modelers. It was found that no pu &&s in grades two g
through four used models or analogies in the explanation of the
phenomena. Approximately 50 percent of the fifth and sixth graders

used models in their explanations of the demonstrations..
& ) -
ry .

\\\\\\‘Interpretations : . B

The findings of this investigation confirm the results of previous

studies in that elementary school pupils can and do use =nalogies or
- models in their explanation of selected phenomena. It is suggested

that the reason that children below grade level five do not use models
is because of instruction. This was concluded because some modelers
stated that they received instruction in atomic structure while those
in grades two through four did not make similar admissians. Thus, it
can be consluded that the uselpf models is probably due to instruction.

»

’
¢
i
H

' . ‘ ABSTRACTOR'S ANALYSIS

[y

L
o~

While this 1s a nice little investigation, it dges not really tell
! us anything that we did not know ‘'already. %t appears to be a repeti-
tion of the work of Zeigler and Anderson who are referenced in the
introduction of McIntyre's article. It would have Been good if the
investigator had discussed his findings in relation to the studies .
cited and the contributions this study makes to this area under _
_nvestigltfdr ) @

[ One shortcoming of. the study isthe description of the sample used.

A major objective in reporting research is to provide sufficient infor—

mation 8q that the study may be replicated if indeed this is de¥Fired.

However,/in light of this description, this could not be done. Thus,

4t is a¥so difficult to generalize to other pupils because of this lack

' of infdrmation. ,

The investigator goes on to state that substantial numbers of

/ pupils in grades five and-six use models in their explanations of
‘selected electrostatic phenomena. While this appears to be overstated
(50 percent and 53 percent respectively), it is difficult to form any
conclusions about ¢hildren's use of models in explaining phenomend.

]
-

Nsi?, the investigator suggests that modeling and the use of
models™1s probably due to instruction. How does he arrive-at this

‘conclusion? By stating that the pupils made mention of bits and pieces
of information dbolt ‘the topic of previous instruction However, this

-

\‘l" .- ' ..( 3/6 38
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1
’

was not pursued in the study. Yet it was used to nake a conclusion,
This is a bit shoddy and should not have'been inclulled since this was
not really an important part of the study.” Nor was this information

actively sought as evidenced by the questlons asked during the inter-
views. - 0 - ’

Reference is made to a "study of the effectiveness of different

- types of models in Hlaserom instruction.” Howevé;, -this has no direct

bearing on the investlgation reported. Why this’ "is mentioned is not
clear from the body of the paper.

Finally, it 1s concluded that the study not only confimms but
éxtends the idea that elementary pupils use models in their’explana—
tion of phenomena, byt this is never really’ explained beyond the
research cited. It would have been helpful to the reader to expand oA
this in the "Discussion ;section. This was not the case in this
article. ) ~ ‘ —

An interesting question to Yhis abstractor 1is: Why did the
investigator choose the number of eight pupils for each occupied
categorx7 This is never really‘explained. Sincer the 1nvest1gator did
" not use traditional statistical procedures ¥or data analysis, why the
choice of eight pupils as a minimum? This should ‘have been explained
since 1t is not' evident in the article.

In conclusion, the 'questions raised above need to be e¢xplained 1if .
he reader-is to receive a-good idea of the sense of this investigation.
iq:'he article does have merit but hassnot been reported properly. Finally,
the "Discussion" section should be used to discuss the implications of
the study. ! THis would have clarified some of the questions, and points,
raised about the article. s

/

v



Robertson, W. W., and E. Richardson. . "The Development of Some }hysical
Science Concepts in Seconddry School™Students," Journal of Research
in Science Teaching, 12(4):319-329, 1975. . i
N o Descriptors——*Cpqseryabioa“ﬁConcept), Educational Re'sedrch,
. " Learning Theories, *Physics, Science Education, Secondary
Education, *Secondary School Science, *Sequential Learnimg "

s Expanded Abstract and Analysis Prepared Especially for I'/S.E. by
Milton 0. Pella, University of Wisconsin.

3

—

Purpose ‘ ’ ' .
furpose . ) o )
-

To replicate and extend, a number of ¥ests of "conservation" of some
~phgsics concepts; to measure®the conservation of some concepts not
previously tested;#to administer with stindardized procedures the tésts
on-a group basis, chetking reliability with standard- clinical testing; °
and to investigate predictions based on hypotheses of the hierarchical
attainment of concepts in physics. -

-,

Specific hypotheses are:

\\/lq A. If the conservation of derived quantity in physic¢s is dependent .
upon the prior conservation of constituent quantities, then
students will conserve: . g .
1. mass before weight C ’
2. length before area - ' !
3. length and time before speed. .

B. If the conservation of a detived quantity in physics is dependent
upon the prior conservation of its elements, then.§puden§£5will

. conserve: . : . b .
///i 1y, length and area before volume " > .\ o
2. mass and volume before density oo . =
3.rea and®force before pressure “ /',
- : 4. mass and accdleration before the force relationship (F = ma)
. ' 5. force and didtance before the work releatiogghip (W =~Fg), +~
m, v - . . . 1 ‘ /, “« N3 L _‘. N
Rationale T S B o )
. M wy oA .
. ’ While much is now being made of the.-hierarchfcal structure within' '

science in curriculum projects and the-stages or levels of cognitive
,dévelopment_in learning theory, little research evidence existsin )
o relation to such basic questions as: -(a) are science concepts attained
in.particu;ar hierarchical sequences, and (b) is the conservation of a -
derived quantity in physics dependent upon the prior conservation of .
the fundamental quantities--mass, length, and time? )
"Phe presept research is related to Piaget's geﬁetic approach to
cognition and work done by Elkind; Lovell and Slaters; Lovell, Hegaley
. and Rowland;,Lovell, Kellet and Moorehouse; and others concerned with
deyelopmen¥%l stages. - R . -\

‘ : 40
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S "Research Design and Procedure

» . - 4 ct A * ¢
© * A sample of 25 boys and 25-girls was _randomly drawn frqp each of

grades 7 to 10 in one schéol giving a stratified sample of 200. The

mean IQ was 107.3 (S.D. 11.9).with no significant difference between
“samples for eac gride. ) . R

- ’ >

The concepts - mass,.length, time, weigh’é, area, speed, volume, )
y density, force, pressure, ac leration, force, and work - were selected- ¢ . v
fof study as a result of anallls of the concept "energy." A group of - :

tests for each concept sequen® was developed. The puplls were tested
. in gsoups of 25, utilizing procedures to minimize subject-subject
interaction and ]earning through tests. Some of the tests were modifi- )
i cations-qf .tests uded by other investi i:ors;—Elkind (mass, weight and . .
. ’ »vo‘ltime), Lovell and Slaters (timg);L 11, Healey and Rowland (distance. LY
- and ‘length), and Lovell, Kellet and Moorﬁbo?se i(s‘pee\cl). ., ' ’

\ Ve

. The results were based upon children's pMadictions, judgments and
'2lmations as signs of conservation. Each subject was classified as
1ibiting conseérvation accordiné*"’t’&""the following crigeria:
i § / ‘ O L
, " .
1. Conservation: The.subject resporded cork&tl_)t\;g_gll the
questions related to the task. . S v et o
3 . s ’ . s . ' . ’ oy
2. Nopconservation:: The subject_makes ‘one or more’ efrors in ]
prediction, judgment or expfanat{dp. ‘/ )

The cl_assifi.cations were subjected to scalog’rém' analysis. 'I('_he R R
“‘critgrion used fotr assigning the consérvation of a quantity to.an age o
. - 1dvel 1is the age’or grade at which 75 percent censerve. . Q‘

. : & ~ .

. Lo s ’ ‘ ' - ] v 1

Findings g b\ .o\L ';. L L ' i
- . : N a . ’ : . ' T
1. The 75 percent crigérion was exceeded -at gra’de 7¥y boys

v % and #irls for the cQneepts: mass, weight, weight-force, length, °

C distance, spged (straight tunnels) and speed (concentric circle).®*

R additio(n, at grade.8 vertical height wag conserved by both

.- boys and girls. l\t ‘'grade 9 time was conseived by boys and e

- girls, but voﬁxme by .boys only. At grade 10 boys *conserved SN

area. -« = ™~ . o ) ’ o
. . ’ AN . . - . -,
. © 2.4In relation tao the géperal hypotheses  the results af the / :,“

. %, concept attainment provide éyidence‘,c'on@min& possible v ~
hierarchical structures for-learning physics.’ . \ i

- 'I\A | a4 w P \

. Interpretations : e . b, X

-y

‘ »

- - Clearly-the cogs'er\lation of derived quantity in physigs is not

LR Y

\ necessatrily dépemnd pon the prior conservation of its geonstituent .
. /

fundamental quantities. ' ‘ -
4 B . Y "‘. . ‘ . ) . _/* ]
. . Depending on the choice of oﬁeratioqal definitions describing,basic, S
. phenomena andthe logical gianipulations of thes® definitiond, different ’
b . » , \n,é:'\ - . . . . , o

e /oo T el

. ] . . < p N
v . 1'\;"7 N




patterns of the organization or s\s-nrc‘ture of the discipline- -can be
built up. The research indicates ’‘that .time is not a first order aconcept.
Time is more removed from reality than speed. . H

A -

. TN I The tests of the conser&rétldn of pressure, force, acceleration,‘ £
— .+ worl d’ péential energy providéi dramatic evidence of the lack of s
b understanding of these concepts. 1f a student is unaware of the -’
invarient aspects of a concept in _face of transformations, his
y .nderstanding '1is very 41m1ted is much evidence of verbal
. legrping. C g
. B . ABSTRACTO{S ANALYSIS ‘
P e . .
. " . This study compargs favorany with® others of the type that ‘are
col d with,selected ideas from Plaget-.,\ The testing hgg been carried
. on. care and the data have been sﬂbJected to Treason alygis . .
"It may be #ssumed that the results of any research are le if" the, . .
«'  measurgment davices are teliable and valid. . It is %also obfBatory 'to N .
- assumpe that the results may_lack credibility 1f the data are cuyrious. T L
, 7 " Thi study, though~ nicely reported, except for the confounkng of . -
. the resuds in the discussfon and the gxtreme statement, "Qlearly, the o ’
) * (comservation of a derived quantity in Miysics is not necessarily )
dependent upon the prior conservation of its cormstituent fundgpental , . :
quantitieg’, presants the readef%:.th many problems. Some of,/these are: )
. ‘T wm
. L. Ther® are no reports of inst ctional programs provided for to -
) E any grade .level.: If there wete no programs of instructio SR
" the entire study is without merit. ‘It is not possible for , » ..
) pupils in grades 7- =10 to intuitivély deyélop derived defini‘ o .o
) tions and units as density, force, pressure, welght acceleration, )0‘
* _ 'etc., ‘and also not( possible for them to 1ntuit1velv develop a~ . ! )
.. ] .- systém in whn.ch length mass, and time are funda.mentah to the I
- . units derived. ) : S ' ’ :
. - Z%ere are no definitions of the terms predict, judgment, and ' . ¥\
- ‘ L8 explain; ’the fundaglentads that make up the data® Was the term ' @
gredict b me&%forecqting of the fature based upon use of . )
. M a* given scien aw ‘in which noncapnciousness of nature.is ' Toe
o . ' » ' accepted,. or something else?, Did the #drm judgment. mean guess ,. ’ -
v - intuition, or discursivé ‘reasonini: ; the term explain mean . ¢ )
<~p ' the dpplication of a scientific’l teleplogical purpos ul= . ' :
: ness? The frequent use of the ‘term "why"*in the questions |, Ce T e :
' . " leaves the reader confused--is this the-way of- the educatiofhal . L
v psychalogis‘b,—or is 1t, an attempt to get. to somethj.ng else" . Coar
- . - ) ‘ ’ .
\ 3. Probably the most serious problem is the use of the term . ) : S
- P conservation. As one reads the report 1d becomes more and more . W
.. - idpossible tosgive meaning to the results because the- term is . Y o
oo nét used as in scienceun the statement of the laws 8f conser- /\ e

vation of eneTgy, matter, mdmeptum, charge, etc. According to ]
his study the notion of Tf—vation was "the abﬂity of the : Y

tudent €q be aware of“the ghvariant. aspects of a concept im: ] .
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the face of transformations." With this use it must be
+ recognized that in.physical theories and laws, invariance
occurg -relative to a frame of teference; conservation occurs

N ;. within certain physical systems, namely closed systems.

Within this paper and in the test questions there is no concern
for the requirement of a system. It seems that the meaning attributed

. to conservation in- this paper was that attributed he term equivalent.
- "There are significant differences hétween the tw epts, hence the

results lack credibility. Note the use of. the concept of equivalence
in the test items. -(a) The test for density involves two plasticine
objects, one of which is formed iito a cylinder. (b) Thg test for time
involves two cars moving through tunnels of unequal length (It is
also impossible to have a\concept of the conservation of time in a

non- relativistic system, however, time equiva¥ence is possible.) (c) -

The use of force as a conserved quantity is not reasonable. Note that

Reflect _upon ‘the common experience of using a simple machine;
forces may be acting.  The equivalence ideag fs again present, fbut now
the idea must include moments, two trolleys are used and’ comparisons
made. (d) Ac;aleration is another nonc..served quantity and ¥wo )
trolleys are used. “e) Vettical height is not a-conservable quixtity..

in-all othe;finstances the right or wrong answers depended upon

owledge of a’ general physical law; in this case "the work done is
indep‘bdent of the path of the force." (£) Conservation of work relates
to conservatipn of energy since energy is Potential work Again two
trolleys were lifted.

' In all exafiples the use of knowledge of lays in physics would, and
did, enable the sybject to score properly; the subject could respond
asequivalent ot not gquivalent-concerning the two 1nstances . .

*At.no time was the criterton of a system med!ioned, the subjects
- were merely asked- to identify equivalents. _.The subjects were never asked
" to apply the concept of conservation' to exflain observations; they were
merely asked to demonstrate a-functidnal knowledge of some physicd#d
law.- L ’
- \ :
The best that may be said from the results would be: ‘that the
* pupils did no§ have mastery of the physical laws applied in the problems:

e density =2 g =vt, v --g,- p= £3~ f= ma; w={f xd.

E o 4 t -a
.1t ds definite that no’ statement may properIy be made about conser-
vation of energy, .conservation of matter, conservation of momentum,
conservation charge; conserVation of mass number, dte.’

The’second concefn was for hierarbhical structure for learning-
physics. It seems that t evidence, if existing at all, is weak to
inddcate, a’ possible structure for learning physics. In order for the ,
resegf!h to produce»meaningful,data on-this, a variety of teaching
seqigices would be pecessary. .Even thig procedure ‘would be risky because
each may be ,based upon erroneoug judgments of the increments of a

-

~ particular learning -product. . v 7

- ’ ’ s !
. - .
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b [ t .
‘ . -

-

S ’A The conclusions exhibit some attitude of freedom to go beyond the
data: ' '"the results of measurement of concept attainment shown in Table
I1 provide evidence concerning p0551ble hierarchical structures for
learning physics." On the same page the claim is '"clearly, the cpnser-
) -vation of derived quantities is not necessarily dependent upon prior - ° Ty
conservation of its constitutent fundamental quantities." o /
There was essentially no experjmental design. .
Although the data were treated as null hypotheses they were not,
; 80 stated. . d
The authors expressed serious conceiq for the reliability -of the,
instruments used but ignored-the important quality of validity. The
data are no better than the instruments. ‘. '

‘ It thus seems that this project,:though nicqu'conducted and s
1

reported, has produced little of value. The real' problems come from .

- the confounding of the scientific concept of conservation:necessitating: LT E
a closed system concept and the concept of conservation as being equiva- - . ‘.
lence. This confounding is magnified by attributing the quality of . o

conservation to quantities not really ecohserved in physical manifestations.
r . )

The ideas of sequences gf increments of learnlﬁganéeds to‘be
. * - researched for all science concepts, empirical laws, and theoretical, .
laws. The first steps must.be the identification o% the incremenbo "

and some means of measuring knowledge of .the increments.

E3

The consistent use of vague undefiied terqs will cdhtiﬁéh to ..
produce confounding findings. )= e i T .
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Kass, Heidi. "Structure i® Perceived Relations Among Physics Concepts." b
Journal of Research in Science Teaching, 8(4):339-350, 1971.
Descriptors--*Cognitive Processes, *Factor Analysis, Factor
Structure, Learning Theories, *Physiecs, *Psycholpgy, Research
Methodology,.Scientific Concepts, Secondary Schdol~Students

Expanded Abstract and Analysis Prepared ESpecially for I.S.E. by Russcll -
A. Yeany, Universify of Georgia.

Purpose ‘ ) . g : ..

This study was ‘conducted to determine the cognitive structure&pf’
the’ relations among 20 mechanics concepts (e. g., Newton's Laws, centri-
petal force, centrifugal force, frictid!kand uniform acceleration} as S
*perceived by high school physics students.

2
. ~ o y
. . Rationale -

Much sdcia¥ science research has been conducted on analyzing the :
degree of differentiatiwh of the individual's personal structure and”the
. dnfluence which the nature of this structure exerts upon judgmental
behavior. The author suggests$\that consideration of such a conceptual
basis for judgmental beavior should not be restricted to social cogni-
» tion. The students' perceptions of the domain of science concepts may .
et influence their judgmental behavior. Isolating and representing aspects.
of the cognitive structure telated science conc¢epts 'should be the first
step'in andwering questions such as: How does the structure of perceived
relations amang the concepts affect performance in the subject?

\Research Design and Procedure

-Three e hundred fifty-three Grade 12 physics students rated the
difference in difficulty between 190 pairwise combinations of 20 mechaffics
" concepts on a ‘dine-point 'scale from 1, very similar in difficulty, to 9,
very different in difficulty. For data analyses, the subjects were
randomly assigned to three groups of 67 in order to assess the extent to
vhich ene may expect to obtain similar results across samples drawn from -
the same population For each group, the difficulty difference ratings
were arrayed in a matrix consisting of 190 rows ‘for the concept pairs
and @7 columns for the subjects. The matrix of sums of ' squares for
. individuals and sums of cross prod;cts between individuals was then #nalyzed
, through principal component factoring

« ; )

Findings ' ; - or o e -
v, “ - '

' Analyse#’ of the data indicated that either a four- or a five-dimension L
representatio\~would be appropriate. The factors in tgg four-dimepsion '

' solution were labeled by the a;tbnz.asi

1 Motion-Statics
I1 Vectors -
III Gravity-Circular Motion . . .
IV  Force-Work-Power :

F

o,
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T j) : - ABSTRACTOR'S ANALYSIS '

» e -
. .. ~ -

The five-factor solution..contained all the above factors and another N
which was not readily interpretable but involved a cluster of concepts
on kinetic and potential energy.:

Interpretations . R
s .
The author believes that percelved differences Jin the difficulty
of physics concepts resemfle d1stances . in Euclidean space And students
construe the concepts along two or more difficulty dimensions. Also, °

the perceptual space ‘seemed to be relatively stable for different samples
from the same population. '

-

The application of muLtidimensional'scaling techniques to describe
the structure in students' perceptignsof science con is an important
area of research and should be pursued. But results in this -area are

- going to be elusive -and costly. This study is only a beginning, with 20

physics con€epts, and the results can hardly be considered elucidating.

. The author does need to be commended  for assessing the degree of general-

izability, by triple sampling, in-an area for which, coriventional

* probability statistics and error estimates are Aot available.

~ .

The study is a step along a long road of determining the naturée of
the learner and.the learning process, and instructional strategies which
maximize student achievement should be based.on current knowledge in N
this area. But at this point in time:we need to clannel the majority of
our resources into more evaIuatlve Tesearch on methods of improving
achievegent and atgitudes of the science learner. .

’

. '
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' TEACHER BEHAV/IORS AND ATTITUDES
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Butzow, John W., and ‘Alan Davis. !The Development of a Semantic
R Differential Test of Teachers' Attitudes Toward Teaching Elementary
.- Schoo] Science." Science Educatjon, 9(2):211-220, 1975.
Descriptors--*Career Choice, Zducational Research *Educational
. Philosophy, Learning Theories, #*Student Attitudes, *Student
Teachers, Teacher Behavior, *Teacher Education
T
Expanded Abstract and Analysis Prepared Especially for I.S.E. by Ronald
D. Simpson, North €arolina State University g

[4

‘\ ] . ’
- A -
Purpose i .- .

.
LI

,This study had two objectives: (1) to develop an instrument for
measuring teachers' attitudes toward-teaching an. open-ended type of .
science program such as Elementary Science' Study (ESS), and (2) to
administer .this instrument to a 'group of teachers using the ESS program
and correlate the results with their actua]l teaching behavior as viewed’
and analyzed via video tape, hence buildind®a case for reliability and

validity. T

Rationale
R ’
The success of an elementa¥y school science program such a$ ESS
depends in large measure on the degree td which the teacher is willing
to follow the philosophy embodied in the curriculum. Investdigators in
this study sought to develop a measute that-would predict the degree
to which®individual teachers would be "student centered.” ' Further, by
correlating responses- to this gttitude instrument with data generated
by an already existing observation scale, it was possible to make
judgments ‘on the validity of the new instrument. This, instrument was
based”on the semagtic differential technique and followed earlier v
work’ by the senior author.

[

Research Design and Frocedqg‘ . . '

s
!

In the first part of the study, standard procedures described by
Osgood et 3al. (2) were used to develop an attitude instrument called
the Semantjc-Differential Test of Teacher Attitudes (SDTTA). Iniﬁiallr,'
104 elemendery school majors enrolled in. a science wethods course
responded to three coneepts relevant to teaching science in the elemen-
tary school: "For mé, doing science is ...l" "For me, ' teaching science
is ...," For me, science cbncepts a eees . Using a five-point scale,
each concept was subjected to 46 adjectival pairs. Results were factor
analyzed using the Varimax procedure. The investigators found four
major- factors which they categorized as valuing, enjoying, striving,
-and difficulty. For the SDITA they selected the adjective pair under

.each category with the highest loading ("important-trivial" for$#valuing,

"enjoyable-unenjoyabde" for enjoying, ''powerful-powerless" for striving,

-d@nd "easy-difficult' for difficulty) and used these four bipolar

v A J

adjectives to measure feelings toward 21 teacher behaviors associated
with the ESS program.- =~ . .
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After the SDTTA was xﬁrveloped, the instrument wasvadministered
to 29 elementary classroom teachers attending an’ inservice 1nst1}ute
+for implementation of ESS. The teachers’ reSponded to the jinstrument ,
after completing formal course imstruction but prior to actual class—
room implementation. After classroom work with ESS had progressed -
for several months, each teacher was filmed on.videotabe_while teaching
science. The Science Curriculum Assessment System-Teacher (SCAS-T) o//
developed by Matthews and Phillips was used as a scale for judging the
videotaped teacher behaviors. The teacher behaviors being studied
were independently rated by three professional sgience educators - R
trained to use this instrument and were divided nto two subgroups on
the basis of the teacher directed index (TDI) of the 'sCAS-T. Henge,
two groups emerged: one known as the teacher-directed group (TDG) and
the other as the student-directed group (SDG). The latter group con- -
tained teachers with a lower teacher directed index, indicative of the
type of teaching emphasized by the .developers of ESS. .
A Spearman Rank Correlation was conducted to determine the rela-
tionship between teacher scores on the SCAS-T SDTTA. Further
analys{s using cﬁi-square.was conducted in ord‘co determine if any
items on the SDTTA produced significantly different scores across the
two subproups., ) . <

Findings , . ) :

.

When scores of the 29 teachers in this study were rank ordered for
both the SCAS-T and SDTTA and were correlated, a coefficient of 0.79
was found (significant beyond the 0.01 level of confidence). -When
" the 21 concepts contained in the SDTTA were compared across the two
subgroups, TDG and. SDG, Chi-square values suggested a significant
diffetence (beyond the 0.1 level of confidence) between the groups on
+ the following six items; . Y

A. For me, allowing children to mess around with water is ...

I. For me, keeping Iive plants' and animals in the classroom for .
use in experiments is ... . Co-

N. For me, being able to correctly answer student questiohs in
science is ... .
0. For me Allowing children to work in groups to discuss their
point of view and f 1ngs is ces
v ‘ 4 &

Q. For me, teaching/science is ... -

S. For me, having a strong background in conceptual and factual
science is ... :

v ' .

Interpretations , .

In this study an instrument, the Semantic Differential Test of

Teacher Attitudes, was developed, administered, and correlated with
Lo . ) K
-
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teacher behaviors and scored by trained observers uslng anotfer instrument
known as the Science Curriculum Assessment System. The’strong positive
rank order correlation (0.79) between the two measures suggests that
teacher attitudes toward a teaching philosophy such as the one embodied
) in ESS can be used to predict the '"student centeredness' of individual
teachers. Also, findings in this study suggest there are some comncepts
associated with teaching a course like ESS which el;gﬁt significantly
different attitudes depending on where a student ''fits" along the con-
tinutm of 'teacher directedness' versus "student centeredness." In .
short, this study produced an attitude instrument that appears useful
in predicting the tendency of a teacher to exhibit student centeredness
in the .elementary school science classroom.

g ‘ ABSTRACTOR'S ANALYSIS - b
In, conducting research where attitudes are measured by paper and
pencil instruments, one can always raise the question, '"Do responses on ,
such instruments’ reallz,reflect the true’ feelings of people, and are '
the alleged attitudes really reflected inytheir behav1or7” The investi-
gators in this study addressed, themselves to .this questlon subsequently
- producing evidence that ‘the mamner in which a teacher expresses attitudes
toward & philosophy of teaching indeed correlates positively with how
) they actually behave with' students while teaching. A major contribution
. . of this study, then, is that an instrument was developed that predicted
for the 29 teachers in the study, 'student centeredness' ‘as related to
teaching science at the elementary school level. Furthermore, the
feelings these teachers possessed toward concepts dealing with-ehildren,
. science, classroom management, teaching approaches, plants, animals, -
etc., corresponded to their observed behavior via videotape analysis.

The import of this study and these. findings are significant for
at least two reasons. First, an attempt was made to study attituydes
and behaviors beyond a paper and pencil approach. In this regard, I
believe this stully serves as a potential model for other studies.
Secondly, this study illuminates further the notion that the success -
of a given science curriculum may impinge at least in part on the
phiYosophical and attitudinal orientation of the‘tghéher. If ‘a curric-
ulum is designed for maximum student involvement but. the teacher does
not perceive this teaching style as '"good,* "important," or "powerful,"
then an incompatability results that may negate many of the strong '
’ features of both the ptogram and tne teacher. Many excellent science
programs have been developed over the past two decades. In many
. "' instances these programs reflected definitesassumptions and attitudes
on the part of the developers. Many programs destined for success .
. have failed because educators who. adopted them did not possess attitudes
congruent wadh the’ program. .
- fhis study can serve as a springboard for further research in
several directions. The 'most obvious direction, perhaps, is that of
A preservice and inservicg preparation to teach elementary school science.
Conant (1) found that elementary school teachers in Portland, Oregon,
taught science on the average of no more than two to three minutes
per day. . If this %g indicative of‘a nationu%ﬂe situation, pne can
. ’
)
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one can conclude simply that elementary/sthool tedchers prefer not to
_spend their time teaching science. As /I look back over the SDTTA
“4nstrument developed for this study, I can see many attitudes commonly
found in our society (and in our classrooms) that are not only incon-
" gruent with the spirit of science but serve as serious barriers to the
implementation of programs like ESS. The attitude of teachers toward
science, children and teaching appears to be a powerful factor in how
teaching behaviors are ultimately expressed. By dealing with these
attitudes, science educators involved in teacher preparation and in-
service programs will surely become more effective in bringing about

.change in the quantity and quality of elementary school sciente

programs, .
I found this study clearly written and easy to follow. The
research design and statistical procedures appeared appropriate and
were adequately communicated. ’The method used to develop the SDTTA wa$
sound and indicated a thorough understanding of the semantic ‘differen-
tial technique by the investigators. Perhaps more could have been said
abeut the nature of the 29 elementary classroom teachers in this study
and about the SCAS-T instrument developed by Matthews and Phillips.
In working with a select group of subjects that may be more homogeneous
than the average of the population, it is always difficult to arbitrarily
group persons as "high'" or '"low" on a scale because of the potentially
skewed nature of the group. Additional normative data on both the SDTTA
and SCAS-T will be useful. This study provides an important link in
current attitude reseaxch. - These results suggest that attitude and
teaching behavior are correlated and that an instrument measuring the
Former may be used to predict the latter. Further studies des1gned to

o>

consider cause and effect relatlonsiips appear "in order. .
\
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Purposé c ) 2

) ‘ A / A .

The major puyfpose of this investigation was to study changes in
attitudes and classroom behaviors of teachers participating in the
- ’ Cooperative College-School Science Prvgram conducted at the University

of Connecticut. .Two specific questions were 1dentified:

1. Did the Experimental Group differ from the Control Group
. * in change of behavior from pretest to posttest?

. 2. Did the Experimental Group differ from the Control Group
in change of attitude from pretest to posttest? -

Although not specifically stated, another research question was:

3. What variable’ are related to changes in teacher behavior?

Rationale
The authors point to ‘the-large amounts of money spept by the
National Science Foundation in support of the development of new science
-curriculum projects. They state that even though it is agsumed that
teacher acceptance determines curriculum success, there has been little
independent evaluation of the effects of the new curricula on the
attitudes and behaviors of the teachers using them.

. This investigation was designed to‘;tudy attitudes and behaviors
of teachers who were using newpelementary science curricula. Further,
it is stated that the project was conducted, "In order to initiate and

, , 1mplement the new inquiry-oriented elementary school science'programs
_dn Connecticut and to dqunstrate the effectiveness of these programs
n

“in selected chna§rooms.... . , .

Research Design and Procedure

*> The research design used was a pretest-posttest control group
' design. There were 68 subjects in the experimental group and 14 in
the control group. The treatment for the experimental group was
participation in the Cooperative College-School Science Program. The
control group .subjects did not earticipate in the Program but were

LS5y i




e

’ . -

teaching inquiry-oriented science'programs

Subjects were not randomly
assigned to groups. .

Pretests were administered in the spting of 1970 and pdsttesting
was done in the spring of 1971. Two instruments were employed: The
Pempek Teacher Behavior Checklist (teacher classroom behavior as viewed
by students) and the Pempek Teacher Attitude Scale (measure of teacher
attitudes toward sc1ence, séience teaching, and' scientists).

* ]

The attitude tests yere completed by the teachers during pretest
and posttest sessions. Ratings on teacher behaviors were completed by
students of the individual teachers. An average of 30 students rated

each teacher om both "pre" and "pgst" measuresa‘

The experimental group attended four introductory sessions in the
spring of 1970, a two-week workshop in August, and nine follow-up
segsions during ‘the ensuing year. The experimentai treatment involved
study of and actual experience with three major science programs:
Science--A Process Approach (S--APA) Science Curriculum Improvement
Study (SCIS), and Elenentafy Science Study (ESS).

Ps

4 -
The assumptidn was made fhat the Pempek rests did not necessarily

yield interval data. Thus, data were analyzed by use of non
parametric statistics: data changes in behaviors were examld%d by
the Mann-Whitney UqJest, attitudinal change data were subjected to the
Wilcoxon Sign Rank’ Test and the Spearman Rank Order Coefficient of
Correlatiori; and the Kruskal-Wallis. Analysis of Variance Test was used
to determine the contribution.to the variance by several different
variables. : . A

i

Findings

-

The following findings are based on the authors' summary of,data‘“

analysis.

«
’

1. Although the behavior of both the experimeﬁtal and sontrol, ..

group changed, the differemce between the two groups was

not -significant at the 0.05 level. ) . T

2. The experimental group exhibited a statistically signifi-
cant positive.change in attitude from pretest “to posttest
at the 0.0p level.

i
'

3. The control groeup did'notcshow a statistically significant <~
change in _attitude. - .

4. The“teachers-who had taken the fewest ‘credit hours in
science courses showed the greatest change in. attitudess:
Teachers who came into the program with strong science
backgrounds showed the least change in attitude. . )

5. The attitudes of those teachers who had not taken graduate
work in science changed more in terms of the objectives of
the program than the attitudes of thoSe teachers with
graduate course work in science.

q' ‘ : 152; 93 h.’\
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6. The teachers‘who taught in self-contained classrook s L
even ‘though they taught fewer hauts peyweek with $ciefice

project ‘materials, had the most chdnge in attitudeq.
~ ~Those: teaching 4n departmentalized systems changed |least.
7. Ch in attitude as measured by the Pempek Teachep ¢
Attitude Scale in this study was found not to be sta tis-
K tically significant as related to the following factors: ‘
—— v ‘ -~
—‘ a. grade level taught; . .
’ b." type of school district;
c. science project selected; .
. ' ’.
d. years of teaching experience. ) N e
Interpretations . ) L
- .
On the basis of findings 4, 5, and 6, above, the authors conclude ,

that: 1

»‘ ’ .~’
The teachers in self contained classes were the ones.

wvho had weaker backgrounds in science and who ‘talight science
only 0~3 hours per week. They were the teachers who at the
beginning of “the proJect were afraid to teach science and °
felt inadequate in* science. Their attitudes changed most.
However, those- teachers in departmentalized upper grades had
many courses in science and taught science many hours per /
week. They had definite attitudes established before parti-
cipating i this project and they therefqpg exhibited the

least amount of change in attitui )

-

The authors also-concluded that the project was effective in meeting
the gbjective of‘"introducing and implementingthe use ‘of the new science
programs in Connecticut." They feel that the project not only “improved
sclence teaching and attitudes toward science, but that it also gave
.teachers a new perspective in which to view themselves, their teaching,,

and their interaction with students. - X -
. . . .
J . . "' ., )
! . ABSTRACTOR'S ANALYSIS :

’ v

on teacheér &haracteristics which hgs received a great deal of attfivtion

over the past 15 years or-do. Clas3room interaction, teacher attitudes, -
.etc., became primary reseafch targets as the nation focused/pn imprave-

‘ment of teaching in the schools, Of course, partially as a/result of
the 1957 launching of Sputnik I the science progra themse lves also
became targets of research and development. Thus, his study-which
invegtigated relationships between €eacher characteristics (attitudes
and behaviors) and experiences with nev science programs seems a logical
outgrowth of the-.times. ]
- ﬁ
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In general, this investigatioh fits .into the iarger group of‘studies'
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“ In tﬁis report, however, the authqrs do Aot state clearly what
experiences the teachers ha@ with_the few s¢ience programs:, What was
* the experimental -treatment dulihg the introdugtory sessions, the two-
_*week’workshop, ahd the followfﬁb sessions, for ‘example? -How might
this treatment havé affected the.teachers? Singe the project involved

" three diffdkent programs (S--APA,,.SCIS -~ and ES8), is it possible that

- one program might have affected attitudes and behaviors differently
than another? Ceroainly there are differnt ph%iosophies which under-
pin%--APA  apd ESS, for example: And finally, which of the three
projects were ‘taught_ by -the teaehers of the experimental and control
grqups during” fhe, grhool yéar” ; .

.
<

- /} The basic resedyrch design (pret ttest control"groapl used
in this study is souhd. Becausé it is not stated’ differently, exer, '
Sust be assumed thaq;‘he teachexs ¢Ere‘hot ‘'randonly sgéected
andpmly.assigned to groups. This, factor is of speciaI concern when

. ‘one notes that there were great diffepences in the pumbers of subJects

. in eéach group .(68 experlmental 14 coatrol) and that very little is”’

- known about the ‘experiences of .either 8IOYp excep that the control

gf&ﬁp teachers '"...were mot attendlng tle workshop®but...were teaching
- on#® of the {1 quiry-oriented programs for. the first time...." 'But' while

randomization 4s 1deaL béhavioral résearchers often find themselves

in situations raplt.ls not possible. Thernature of this study,

suggests that was{thg case here. The authors- are commenided on Qhelr ~

dttempt through- the use of the Median -test to show. .that ghe experi-

mental and control groups Were drawn from the Same populatlon. Ce

It would hayve been helpful if the alithors *had given more
infornaion om the behavior an® attitude instruments and the nature
of the™fiata collectedt There is no indicatjon of the sypes of behaviors
or %udes e neq nor {s there informatioa on the Validity *or reli-
"abi of th struments themselves. ~ The lack of such information )
places the, validlty of the total study in questipn. TheMstudy does
referenceithe behayior and. attitude instruments to the doctoral -dis-
sertqtion of one of the authors. HoweVver, since the dissertation is
eadily .available, the reader ¢fs left with several questions
instrumentation. ~OGiven the nature of the data assumed to have
bgen .collected, .the ugg_of non-parametric statistics appears to have
a wise choice. - T . . ’ ‘
. -y 0 P N ' ~ .
\»The froblem is 'not stated as succinctly and directly .as it might
. be and the findings reported in theastudy are not entirely consistent
with.the research questions posed. .One of the research questions, for
example, asked: "Dfﬂ the Experimental Group differ from the Contrpl -
Grdup in .change of attitude from pretest to posttest?" However, only
the analyses, of yithin group (egberimental and control) differences
-dre reported"the differencess n‘EEtween group performance on.pretests
and posttesg are not reported. -The authors also refer to null hypo-
theses wﬂich are abcepted or rejedted.but there are no null hypotheses '
stated in th report. It is’ the abstractor's as:;;gﬁion that this report

_ 1s derived om a much larger work, possibly a disge€rtation, and -that
some ofs the shortcomlngM tAfied above simpl mphasizﬁ the difficulty

" of reducing & lengthy repes into a mnch smallér size.suitable for

~ Joumnal publication. . . ) e ..

. - ‘ -
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As a final comment on the written report itself, it.is the - =~

abstractor's 6pinion that a better choice of caption (title) could have
been made for Table l..' Generally, a caption should-reveal something -
about  the content.(kind or naturg of data) in the table--net simply the

* name of the statistic used to analyze the data (Ktuskal-Walklis Aqalysis
. of Vdriance in this case). . .

s .
Studies "like this onq,and others on teacher attitudés and bdhaviors

provide much insigh¥finto what teachers :hink and how teachers act.’
Great amounts of ‘ta have ‘been accumulated. It would seem, however,-
that the press for performance-baseqd certification, accountability, and
“the like, will depand that future s%Uies on teacher characterisfics .
be’. directed toward the relatiomshipsébetween those characsfff§biés and +
- pupil suctess. To cohtinue to accumulate data on teacher charactei—
istics without the-link with pupil success will prove to, be of %}mited
value! . oy : -
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. Purp : : . '
. Pur ose ’ , .‘

¢

During the late ,1960's and early 1970' s, the Neu‘ rk. State
Department of.Education revised the Regent s program jn earth science.
_ This study sought to document changes in teacher classroom behavior
resulting from the implementation of the rev1sed syllabus during a
-year ‘time period when{it first became available on an optlonal bas1s
70 7l and became mandatory in l97l 72. .

~
, -

&

Rationale ‘ .
‘ . ¥ : ) "3
Nd'atcampt is made by the author to rélate this study to others
concerned with- the ciassroom behavior, qf teachers using "new" science
L]

eurricula. - * 7 =

. Co : .

-~

1

) . s’
kgesearch-Designpand Procedure

Ten teacher-volunteers from each of thre followimg groups were
'selected ‘for study: (A) te&chers who elected to contindge’ teaching the
‘traditisdnal 'syllabus dur1ng the last year-it was offered (1970-71), (.._
(B) teacﬁers who elected to begin’ teaching the revised syllabus during
‘the first year it was gemerally available {1970-71), () teachers@ho
had participated in revising the earth science syllabus,. and who were
eontinuing to teach it for ‘the secend br more years. By the end of the -
study; attrition had reduced the number of teachgrs to about eight -per
- group. More Speclfic figures were not given. i
. equenc%s of videotapes of their classrodh behavior were collécted
“by al achers ™ in Fall, 1970, Spring, l97l, and épring, 1972, following
diregkions provided tham by the author. An additlonal sequence 'bf tapes
was Tecorded by teachers rifi Group A in Fall, ¥971. Each sequence ‘con=~ . .
sisted of five consecutive days of teaching. Fiveqtrained analysts éach
categorized one day's behaviors fnr each Leacher for each of the record-
- ving periods. Interobserver reliabilities were in exgess of .70 o
-Scott's scale. Data consisted of thd fraction of the week a teacher

devotéd tdﬁactivities such as those listed beIow =
T f". [N
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X TABLE 1, ~'//;, S -

- .

SELECTED CATEGORIES OF THE TAPE " . : ’
. " - ANALYSS IyS?BUMENT :
Item # . De,s.criptorﬂ:
- 2 Ail labo ' rel.atEd activity - ‘
)}Af —_— 4 Small group laboratory activity .‘, . ~/,’ .
R 7 All lecture-discussicd‘activity , . — .
. 8 ,All higher level disoqssion in large group format
T 15 All knowledge -and tranalation’ in large group format | | )‘ )
18 Diacus;ion of laboratory, procedure& in large&gr@up ,
2@ " ALl student verbal behavibr in large group format :‘” *
25 _All teacher verbal behavior in large group format '

- . . - VT:‘"”.-.- a7 o ;’ ' =
A General Index Score wag also obtdined fzom a weighted combination of ’
items 2, 8, and 20 versis—7, 15, .dnd 25. The complete listing of cate~ --
_gordes is not' inclyded in the repdrt, nor 1is the pr8ced0re used to
‘validate the list of categories. ) v

v g ) ' ’

i Differences in teaching behawior were looked for among three groups

based upon theFall, 1971, dta. Longitudinal®ifferences within Group A S

. were also examined <over the tw0ryear period of the study. o
o . o . .

~ * . , 3

Findings -, c . " : e,
The following differences between groups were found to be significant
at the . 5 level (using the F ratio), Both groups of teachers using the
revised syllabus in Fall 1970 (Groups B and C) used laboratory related .
—~ . activities 80 percent of the .time and lecture discussion about 20 percent, . |,
whereas the group using the traditienal syllabusiliroup 4) used labora-
\ towy related activities 30 percent of the time-and lecture-discussion, =
' 70 percent. The teacher dominated during perioda of large group instruc-
tion in all ‘groups (80 to 85 percent).
Differences in teacher behavior were looked for b®keen the Fal}l,
1970, data for group A and the Fall, 1971, data for the samc-grdup.. They

) ' were teaching the traditional syllabus in 1970 and changed to the .
revised syllabus the following year. T-values were determined for each S
.. of the teaching behaviors, as well as the General Index Score. The L
v . General Index Score indicated.that teachers employed significantly more
’ ) ' ) ) L .o
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ofL the advocated instructional behaviors aftet they adopted the new ¥
gyllabus. Inspection of spec1f1c\behav1ors indicated in most cases a o e
doubling of the time. -devoted to the - desirap behaviors and a ®ne-third ’
reduction in time devoted to lecture-discu sion. The fraction of time - . >
devoted to nigher level discussion tripled.
*When a similar analysis was performed on the Spring, 1971, and Spring, .
¢ 1972, datA, however, no ,differences were observed. . ¢ & ) )
« J f .
Interpretations et oL o . -
£ .

N . The differences observgs between those teachers using the T
~’traditional syllabus and those follow1ng the rev1sed syllabus only* - ‘
‘suggest a ‘modificatij of teacher behavior as»a Tesult of rhe adoption
of.,a curriculum. ternative.explanations .are availabde. When this Ll
- infofmation is/eombined with thé longitudinal study, however, it seems ‘
quite convincing that a change of teaching béhavior occurred among
those teachers who began € aching the revised syllabps in Fall, }971.
. That they seemed to "revert™ to prev13us teaching practice in the »
~_. Spring of 1972 can be explaineqd by one or all of the following: (1)
the nature of’the revised Sllabus wh1ch is deficient 1n laboratory
experiences "at that tide of the year,(2) a possible™ Yedersion to more
"efficient" means of,covering material when teachers; became concernéd
about being behind the pace of -the syllabus as spring approached, -and.
(3) the involvertent of some tedlhers in preparing their students for
the Regents examinatign. ; .t

’ N - B - s A

r ]
Whatever the cause for the apparent discrepancy noted above, it
does point up a problem for educational researchers that is often ‘
ignored. Teacher behavior is highly unstable. Interaction analysis
techniques, then, to be adéﬁuate in describing teacher behavior must
be "applied over .long time frames, perhaps as long as a year or more. -

&

. ABSTRACTOR'S -ANALYSIS - -

» In ¢ritiquing this study, one could take the author to task for ®
failing to randomly select tegachers, for 'small samples, and perhaps for .
other points of design and analysis. However, such criticlsm would be
. superfiaial ard miss the implications of this study foraresearch'
) " design in educatien, Science educators seem to have gotten "hung qp )
. on sophisticated desfgn and analysis procedures developed-jg th¢ con- ) . .
text of the physical and agricultural sciences, attempting to dpply’, _" ‘ . o
> o them in a field of study, education, which is tofally unlike .thoge for
) which the techniques were developed. And, not surprisingly,iwe end up
’ . With no results or mixed-results. Creative effort, must be Jirected "
to developing designs f1tted to the pronlems-of conducting in—school
R ) research with very complicated sub jects, including teachers and v
students. This study makes.a positive cont;ibution in this regard.
T It used a sensible design, operable within the confines of ‘the school ™
situation arrd, as a result, it has obtained logical and sénsible
results; results that are interpretable and consistent with those of
the few othér researchers seeking to describe our schools and what -

Q ‘ ¢~ ' . g . 58 58 ) * [ '
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. goes on in them, ,a necessa‘y first step in generating theories that will

eventually enable us to do theory guided research.

Unfortunately, however, there are three ma;or deficiencies that
reduce the significance of this study anf the results ¢btained. Firs&
is the failure to report results®from all of the teacher behavior cate-
gories included on the t¥pe analysis instrument. .It would appear that

- there were a total of 25 or more such categories, yet results fare stated
for only eight. Were the results from all of thgothers non—51gnif1cant, .

or perhaps significant but in the "wrong" d1rection7' 1f so, and if all’

'categories were closely related to the nature of the revised syllabus,

then the author's conclusion that teachers did indeed change their
behavior is'overgtated. Changes in only six out of- the 25 or .so cate-
gories are hardly convineing of a signiflcant change in.teacher behavior.
"The second deficiency is a failure to, report Fall.l970 - Sprln&
1971 longitudina} analysis for graups B- and C. ~Suth an analysis could
add light, to the interpretations of the discrepancy in the Sptlng,l97l
---Spring, 1972 comparisons for group A. If there were a significant
regression to "traditional" behaviors on the parteof these two . BrOupS, -
then that would add evidefice as to the the_effect of curriculum - ‘e

-~

charact@rlstlcs -dn teacher behavior and, depending upon the potential ' [ °

extent“of such differences, allow some Jddgemenf on the relative °

"importance of the other two potential reaspns for. the Spring "regression‘

effect’". Several other co risons could also be suggested, each with
the potential of adding adj!iional light to the 1nterpretatfons made. .
Since these data were collected and preSumab}y analyzed, one wonders
why they-were not reported.
- , hd -

~  The final major deficiency is a failure to relate ‘the results of
this @mvestigatioh to others that have been conducted on teacher .°
behavior in 'the context of new curriculum implementation.
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. " .Campbell,-James Reed. "Cognitive and Affective Process Develobment'and
) " Its Relation to a Teachetr's Interaction Ratio.". Jousqal of Research
T in..Science Teaching, 8(4):317-324, 1971. .
s Descriptors~—Achievement, *Affective ObJectives, *Cognitive ]
" Develgpment, Curi031ty, Educational Research, *Instruction,
. " *Interaction Process Analysis, Scientific Enterprise, Secondary
v School Science, *Teacher Characteristics *. \ ’
. .
oo Expanded Abstraect and Analysis Prepared Especially for I.S. E. by Thomas
( P Evans, Oregon State Unfzersiu& . . T4
. _ Purpose . ’-‘ : S \\.\
. The purpose of this study was to investigate the relationship
between a teacher's revised i/§ ratio and the cogniti;e«and affective , - Q

process development of junior high school low achievers. -

. . .
' . -
Y <

Rationale o ‘ .

. . S~ o PO .
. . g, -
- i The rationale for the sthdy grew out of the researcher's concemn
. ' that previous efforts to determine teacher- effectiveness using such - -
- variables as teaghgr- ratings and/or characteristics were largely tinsuc-
céssful. Within the past decade _however, advances have been®hade in
the development and use of systematic observation qf classroom behavior
v Mad the results of teacher education, research®involving systematlc
+ observation have been: reported as being more consistent tHan the earlier
4 . efforts. Indirect teaching has been found to correlate with student'
achievement and attitude at the .junior high level in- three short-term . -
o investigations by Flanders (6), Amidon and Elanders (1), and LaShier o ‘
(8). This study examines similar relationships over a longer duration -
. of time. ‘ . - i
. . . %
Assumptjions were notipresented, but two-seem inherent in the study.
The first specifically relates to the use of the Flanders System of .
Thteraction Analysis. It assumes that teacher verbal behavior is an
adequate sample of a teacher's total classroom behavior. The second
assumption is either that the characteristics of the participating
) ) teachers and various other variables in the classroom environment are® . ..
. , similar or that they do not appreciably influence student attitude and
achievement. .

T N

] "Research Design and-Procedure .

The research design did not follow one of the paradigms Suggeseed
» ‘and described by Campbell agd Stanley in Gage (7), although it showed
__ some similarity to the nonequivalent control group *i‘ﬁgn. Pretests
' ¢ and posttests were administered to naturally assembl€d classrooms;
however, comparison was made between two treatments, #d random assign-
ment was ‘not’ undéer the cortrol of theﬁxesearcher. The independent .
| variable was classroomdﬁehavigt -as’ meaghred by the Flanders System of .
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Interaction Analysis '(FSIA) fnd the dependent; varibles were student
cognitive and affective process degelopment. Cognitive development was
measured by the STEP. test, and affgtlve procegs development was defined
as scores on DeProspo s Scale of Suspended Judgment, Howard an} Robert-
son's Scale of -Cause and Effect, and Campbell's Scientific Curiosity
Inventory The, two scales measuring suspended judgmept and cause and '

effect were modified, combinedy, and called the Scale of Scientific -
Attitudes.

*

. . v ~
The verbal classroom behavior of 10 junior high science teachers
was, taped for 11 to 13 forty-five minute lessons over the course of one )
academic year. The.tapes were analyzed with the FSIA, ‘and the data for’
each teacher were combined into a“grand matrix, consistimg of 360
minutes 'of predomlnant lecture-discussion activity. A revised i/d ratie
wa# calculated for each teacher by adding the totals of talljes in
categories 1 ‘(accepts feeliags), 2 (praises or encourages), and 3$
(accepts or uses student's idea) and dividing by totals in categories
6 (giving directions) and 7 (criticizrng or justifying authority)"l

‘The teachers were ranked on the basis of their revised 1/d ratios.

The top five (mean i/d ratio of 3. 14) were considered as being indlrect

direct in their classroom influence. The two greups were then shown to - .
be,significantly different {(at the .01 lev by analyzing the COmblned

’1tnd the lower five (mean i/d ratio of 1. GQSi:ere considered as being

‘matrices of both groups with a modified Darwin Chi Square.

. , r
A series of t tests vas used to analyze differences between students
in the two groups on an IQ test and all -pretest sgores on the criterion
instruments. Since the two groups we¥t essentially equivalent in IQ

" and on their Scale of Scientific Attitydes pretest, the posttest scores

on the s¢ale were subjected to a t test. Group scores on Campbell's
Scientific Curiosity Invedtory and STEP test Were analyzed, using an - -
analysis of covariance with IQ and pretest scores serving as @variates, ,
becaugse significant differenceg wete found between the two groups of .
studepts on the pretest scores. | L e

After the results pf the statistical amalyses wete optained, the .-
grand matrices of both groups of teachers were compared. This analysis
was performed in an attempt to identify elements within the teaching
methodology whigh were responsible for the differences found in student .

performance. . ’
v

-Findings -

The findings reported by the investigator were as/ipliows:‘

¢ (1) the Mean posttest score of students in the indirect group
. on the scale of Scientific Attitudes was. significantly - -
higher at the..05 level than the mean posttest score of ,
students in the direct group; . . '

(2) the adjusted mean difference on the posttest scores of
' Campbell's Scientific Curiosity Inventory was significant .
_ at the 0.25 level, with sfudents in the inditect group _
‘4be1ng significantly higher than those in the direct gropp,',

and .
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(3) the adjusted posttest mean Jf students in the indirect
group on the STEP test was significantly higher at the
.001 leve?} than wasthe adjusted ppsttest mean of students-
in. the direct group.’ -

\

Interpretations - o .« - . .

[

°

The corclusion was reached that the indirect teaching'methbdology
was more effective than the direct for cognitlve and affective prdcess
d'elopment of low achievers at the junior high school level. Dif fer-
ences®in the posttest. means of Scale of Scientific Attitudes werq
attributed to higher cooperation in the .indirect classes as contrasted
to hostility, resistance, and a high level of negative emotional feeling
bn the part of students in the .direct classes S 4 e

7/

: After examining the grand matrices of both groups of teachers, it b

was concluded that student growth-in attitude and achievement was not
specifically the result of indireqt ‘behavior alone. 1In facg, the two
groups of teachers were not substantially different in their indirect
verbal behavior. The percentage column totals for indirect behavior
(categories 1, 2 and 3) were 11.43 for.the indirect and 11.06 for the
direct teachers. They differed in their direct: classroom behavior ‘
(categories 6 and 7) with the direct group exhibitihg twice as muc¢h
direction activity and five times as much criticism as the indirect
teachers.  The direct teachers also spent more -time giving extended

" directfons and criticism, Thus, it was further concluded that Lthe

. critical element responsible for differences in student growth in ca
cognitive and affective process development was the excessive, or lack
of excessive, use of negative verbal behaViors oh the part of classroom
teachers. . . . ’

-

. ABSTRACTOR'S ANALgS
]

This study represents one of several in which attémpts have been
made to find relationships between science teacher. behavior as measured
by FSIA and student achievement and/or attitude. At least 12 were ]
reviéwed by Evans in the 973 Yearbeok of the Association for the Educa-
tion of Teachers in Sciencde (3). Although Campbell reported a positive
relationship between indirect teachitigiethodology and student perfor— ,
.. mance, .his results have not been consistently supported by other. -

sinvestigators. Unfortumately, the results of teacher effectiveness
" research in sciqfice education remain contradictdry, and inconsistent even
though category sy§tems have been used to- quamtify classnaom dialogue (3).
/

Overall thie report was well-written The problem, methodology,
analyses, fincfings, and econclusions were cledar and to the point. -Unlike
many* reports inVolving the FSIA, the category sSystem was only briefly

described, t the report spelled out the method for calculating the

revised i/d 0 in detail. This latter procedure ig particularly

important, because the revised i/d ratio can be calculated. in one of two
~ ways_depending upon which observer, manual the researcher was following.
In additon to the method desctibed in the report, the ‘revised i/d ratio
can be ¢btaired by adding the total of tallies iﬁ$??cegories ¥, 2, and 3,

F
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and dividing by th® totals in categories 1, 2, 3, 6, and 7 (2). Simply
presented revised i/d ratios without the method for calculation has

little meaning and cannot be properly compared with findings of other
investigations involving the ratio. - ~

Y ”»

.A further merit of the research was the length of the observation .
" sessions. Campbell- reported that each tapidg session was 45,minutesv
- - in lehgth+~ The entire science lesson was apparently analyzed, although
- the, report does not specifically comment on this point. Regardless,
a 45-minute observation is more likely to include teacher statements at
L4 . , the beginning and end of a lesson. Such statements frequently set the s
- emotional climate for the entire lesson and for lessons that follow. A
. 45-minute observation period provides a more accurate descrip@on of ° °
classroom dialogue, and it represents an.improvement over the uswdT 10-
to 20-minute sample taken during the middle®of a lesson that seems to
:be the standard for most researchers who usé the FSIA."

~ ‘ . o . ¢ ’ ~ ,»'
The.report would have been improved and.easievr to analyze if it, 4
had contained more information abé%?ﬁzﬁE‘beécher, student, observation,

and-instryctional variablés. How were the, teachers selected, and what
were their gefleral characteristics? . What instructional materials were
used in the classrooms? What'topics vere covered in the science classes?
What were thelsizesband locations of the schools? ~Were the observations

* made at random throughout the school year and day?’, Did the teachers
know in advance when the observations were to be made? What were the °
Student eharacteristics besides IQ and pretest scoras? A report shguld
include this type of information or a statement that tH§Pvariables
were’ examined and found to be similar £or both groups. Such information .

, , is especially necessary whdr randomization has not been under the control

of the researcher. Lack of the information makes it impossible to
, determine whether or not the variables offer plausible hypotheses for
- . explaining differences in' student performance. that rival-the stated
effects of the indirect teaching'metgodology. o -
e _ / .

. Additional information Ghat would have been useful in the analysis
of the report imncludes the revised 1/d ratios of the indiyidual teachers,
combined matrices of each group, rationale for using the ratios while
omitting other available measures of indirect and direct classroom beha-

’ vior, ‘and a coefficient of‘inter-observgr agreement. The mean revised

T, 1/d ratios were presented and differences between the groups had been -

determi by analyzing the combined matrices of both groups. As a

result cannot be certain of the exact differences between the groups

of t 8. For example, they could have differed significantly as a
result he talliegain the lecturing, silence and confusion, asking
questi y or, stude alk categeiies. Another possibility was that one
Oor two very indir and one or two.very direct teachers were involved
" in the’study. extremes could cause the group‘meané to be significantly
differeqt,\ et, a majority of the teachers might ‘still have beén ,
, 'quite simjlar 4n their “Indirect or direct teaching methodologies. Inclu-
¢ ~ sion of the individual revised i/d ratios and the combined matrfces of

- each group would eliminate the quéstion of whether or.not the individuals
. . and groups of teachers wére different in’'théir indirect and direct ° -

~

classroom influence. . -
X Y . -
€ !

. The reason'for reqliesting a rationale for using oﬁly the revised_i/d -
" ratio in the analysis is that it does net ifclude lecturing and ‘questipning
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It provides an indication of the objestivity of the observati

-

behaviors. The ratio is associated with control and motivation rather -
than” with the presentation of subject matter. One might suspect that
the revised i/d ratio would be related to attitude. but achievement
might be d‘?e closely related to lecturing and asking questions. The
fact that some relationshlp appears logical does not mean that it
actually exists, but a rationale for not examining the relationship
seems reasonable, especially when the data weré already available.

The establishment of inter—observer agreement is a crucial task, e
and one that should be accomplished before, and checked perlodically
during, all research involving systematic. observation of classroom
behaviog. A coefficient of inter-observér agreement of .9 and above
is not unusual after a fairly short training period in :the us§ﬁ9f FSIA. ]

al -

technique and a measure of how reliable the observer has been in encod- \
ing behaviors. Inter-observer agreement and the method .of detérmining
a coefficient were not mentioned in the report. No doubt this was an
oversight, or perhaps it was omitted by the journal: editor. Most
researchers using systematlc observation'of classroem behavior are aware
of its importance. ' Measures of the independent variables with the FST&-
are used if a coefficient is not establishedl

rd

L

The cenclusion regarding the\effectiveness of indirect teaching
methodology and student attitude was logical based solely omr an analysis’

of posttest ' or adjusted mean posttest scores, but examination of both

pretests and posttests provides a different. picture. Significant
differences between the groups were the results of losses, not gains, on
the eriterion instruments. The indirect group mean increased slightly
from 5.01 to 5.10 between the pretest and posttest on the att1tude scale,

_but a majority of the difference resulted from a decrease in the direct
" group mean from 5.01 to 4.83. e indirect’ group mean went. from 26.93

to 26,34 on the curiosity inventory, while the direct group mean went ‘
from 27.25 to 22.97. Both groups of students decreased in scientific
curiosity with the indirect group decreasing significantly less than '
the direct .group. From these data it is tempting to conclude that no .

.science teaching would be more effective for affective process develop- .

ment than was either an indirect or direct teaching methodology;’
unfortunately, data from a control .grqup who did not receive science
instructjon are not availabde. '3 ..

‘ . . ~ . .

Significant differences resulting from losses inn positive attitude
by treatment and control groups’ with fhe control group losing signifi- .

“cantly more than' the experimental group, are fairly common. They point ~

out the need for additional research on attitudes and the relationsﬂip
between s'tudent attitude and instruction. Such findings question the
use of a posttest only control-group design in student attitude research -
when the treatment is simp an alternate instructional strategy, and
they indicate’ the need for c¢ mparigbn data on students who have not
received instruction in the subject area under consideration (3).

A critique of any reseéarch igvolving thé& FSIA would be imcomplete-
without mentioning a few of the major limitations of the observational
system. One maJor limitation is ?at the system ; based on a question-

able assumption; i.e., a sample o verbal behaviot is~an adgguate sample™



-

of a teacher's total classroom behavior. It has been shown that a major

portion of a teacher's.classroom behavior is nonverbal (5). Nonverbal

behaviors accent, illustrate, coincide with, substitute for, augmenty,

and contradict verbal behaviors (4), and evidence exists Indicating t?at

they are befter communicators of emotion and attitude than verbal

behaviors (9, 10). These findings suggest that nonverbal behaviors are
.-  too important to be excluded from " any accurate description of classroom
) behavior.

.A second limitathp is related to the large number ef ground rules
used in encoding the observations. Ground rules improve inter-observer
" ' agreement, but they can provide a distorted description of what actually
took place in the classroom. A third limitation is that the FSIA does
not account for differences or extremes within each category. A
distinction is not made between silence and confusion, and both mild and
vehement criticism are simply recorded as criticism. The fact that the
system is not appropriate for certain classroom activities is a fourth
limitation. Among the activities that must be excluded are student
laboratory work, small group pro;ects,'lndlvidualléid work, and teacher_
use of tnstrqctlonal materials and strategied which do not require )
teacher talk. k o

—
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